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ABSTRACT 


The characteristics of habitat (nesting) trees, their spatial 
organisation, and frequency of use by Brush-tailed Phascogales 
(Phascogale tapoatafa tapoatafa) were documented over a 3 year 
period in Jarrah forest of Western Australia. The level and direct 
effect of removal of habitat trees during logging operations was 
examined. 139 phascogales were radiotracked and 689 habitat 
trees were identified. 95% of these were either Marri (52.5%) or 
Jarrah (41.2%). Preference for use between these two tree species 
was unclear, due to unquantified environmental variability. 
Trees became markedly usable as habitat trees at above 40 cm 
dbhob (diameter at breast height over bark) and mean tree sizes 
used were 87 cm dbhob (Marri) and 76cm dbhob (Jarrah). Reuse 
rates of identified habitat trees showed that there was a 
significant difference (p=0.05) between the mean size of trees 
used more than once compared to un-reused trees, and larger 
trees, particularly those > 95cm dbhob. represent higher quality 
habitat trees. Possums were also observed nesting in large or dead 
trees used by phascogales but measures of hollow entrances 
showed different entrance sizes were used and suggests that 
hollow competition is unlikely. Logging resulted in an almost 
total removal of all potential habitat trees from logging coupes 
containing phascogales, and phascogales completely ceased 
nesting in those parts of their territories affected by logging. They 
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continued to forage extensively throughout coupes which had 
been cut during logging, but confined nesting to trees within 
unlogged corridors between cut areas. Post-logging surveys of 
four logging coupes revealed that potential habitat trees were 
not marked for retention at the policy rate of 3/hectare and of 
those marked few were suitable. Without change to current 
logging practices, it can be expected that phascogalcs will become 
locally extinct in areas extensively impacted by logging. Changes 
and recommendations to habitat tree retention policy in WA are 
discussed. 


INTRODUCTION 

The importance of habitat trees for 
hollow nesting species is well 
recognised (Recher et ai 1980, 
Lunney 1991, Lindenmayer 1994), 
but meaningful incorporation of 
this into forest management has 
been limited despite concerns and 
research into this topic since the 
1970s (e.g. Tyndale-Biscoe & Calaby 
1975). The retention of hollow-trees 
outside reserve areas and within 
regions affected by timber harvest¬ 
ing is now acknowledged as 
essential for the preservation of 
hollow-nesting fauna (Resource 
Assessment Commission (RAC) 
1992). 

In order to devise effective practices 
to retain habitat trees in managed 
forests, the central fauna issues have 
been to determine: what constitutes 
a habitat tree for any given species, 
how many of these are required per 
unit area, what is the required 
spatial configuration of such trees, 
and whether potential habitat trees 
and corridors retained after logging 
operations will actually be used by 
wildlife (e.g. Dickman 1991, Linden¬ 
mayer 1994). 

The objectives of this study were to 
examine the above issues by 
collecting data on the nesting 


behaviour and habitat tree require¬ 
ments of the hollow-dependent 
marsupial Brush-tailed Phascogale 
(Phascogale tapoatafa tapoatafa) in 
the Western Australian Jarrah 
(Eucalyptus marginata ) forest. To 
investigate the effect of current 
logging practices on habitat tree 
availability, phascogales were ad¬ 
ditionally monitored before, during 
and after logging operations and 
surveys of retained habitat trees in 
cut areas were undertaken to 
quantify habitat tree availability 
after logging. Incidental inform¬ 
ation on possums was also gathered 
during the research. The study 
findings are presented here, with 
discussion on habitat tree retention 
requirements and policies in timber 
production areas of the Jarrah 
forest. 


METHODS 
The Study Species 

The Brush-tailed Phascogale is an 
arboreal carnivorous marsupial 
which occurs throughout the dry 
sclerophyll forests of Australia. It is 
the largest member (typical mature 
females weights (W.A.): 93 - 140g, 
males 110 - 210g, Rhind, unpubl. 
data) of the dasyurid family that 
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exhibit semelparity - breeding once 
in a lifetime - and all males die at 
the end of the annual winter 
mating season (Cuttle 1982). Females 
can have up to eight young, which 
take five months to raise, and may 
live to breed in a second year (a 
single individual from this study 


lived for three years, raising a third 
litter). The species is nocturnal and 
an obligate arborealist, dependent 
on trees for nest hollows and its 
main diet of bark-associated 
invertebrates. Males and females 
both have large territories of >20 
hectares and female territories are 
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Figure 1. Spatial arrangement 
of study sites. Sites 1, 2, 3 
Perup Forest; sites 4, 5 & 6 
Kingston Forest Block. 5 = 
logging site. 
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exclusive, therefore animal densities 
are low. In Victorian populations, 
densities of females were estimated 
to be one individual per 50 hectares 
(Soderquist 1995a). 

This species is generally regarded as 
rare Australia-wide, in that it is 
rarely seen or encountered during 
fauna surveying (Traill Coates 
1993) and its current status is Near 
Threatened (1UCN in press). In some 
areas it is genuinely rare. Phascogales 
are now considered extinct in 
South Australia and have disap¬ 
peared from at least 40% of their 
previous range. The species is locally 
uncommon in parts of all States 
and its status is unknown for most 
of its remaining range. Details of the 
biology and behaviour of Brush- 
tailed Phascogales are discussed by 
Cuttle (1982), Traill & Coates (1993), 
Soderquist (1993a, 1994, 1995a, 
1995b), Soderquist Ealey (1994), 
and Soderquist & Lill (1995). 

Study Sites 

Study sites were established in Perup 
Forest (lat. 34°10' long. 116°35') (three 
sites) and 20 kilometres away in 
Kingston Forest Block (three sites) 
near Manjimup, Western Australia 
(Figure 1). Two Perup sites were 
established in 1992, a third Perup site 
was only used for three months 
(March-May 1994) during research on 
the effect of fire, and the three 
Kingston sites were established in 
1993. Each site comprised a capture 
region of approximately 200hectares, 
however study animals ranged well 
outside of these areas. 

These regions receive an average 
annual rainfall of 600mm - 
800mm (Bureau of Meteorology, 
Western Australia) and the forest is 
considered to be low quality (20— 


30m) mixed Jarrah and Marri (E. 
calophylla ). The upper storey was 
dominated by these species, with 
small areas of Wandoo (E. tvandoo), 
and Flooded Gum (E. rudis ) and the 
understorey was generally open and 
comprised sparse scrub species. 
Details of the Jarrah forest are 
provided in Dell et al (1989) and the 
study area is well described in "The 
Perup: A Living Forest” (CALM, 
undated). 

Capture and General Study Approach 

Wild Brush-tailed Phascogales were 
captured by retrieval from 
nestboxes and trapping. Trapping 
techniques, nestbox design, pre¬ 
cautions involved in trapping for 
this species and the logistics of 
capturing phascogales are described 
by Traill & Coates (1993) and 
Soderquist & Ealey (1994). In this 
study, trapping intervals were set at 
100 m along perimeter roads and 
along five 1.2-1.5km transects at 
each study site. Routine trapping 
was conducted several times each 
year between December and July, 
but was abandoned in 1995 due to 
escalating trap interference by other 
mammal species. In addition to 
trapping, permanent nestboxes 
were erected 3-4 m high on trees on 
a 300 X 300m interval grid 
throughout five of the sites (mean 
number of usable boxes per site 
over the course of the research = 26). 
Routine checking of nestboxes was 
conducted throughout each year 
and showed that all boxes were 
used by phascogales and not used by 
any other species. 

Three hundred and sixty seven 
individual phascogales were 
captured during the study and were 
sexed, measured and individually 


4 



Figure 2. Number of days that radiocollared Brush-tailed Phascogales were tracked to 
habitat trees (phascogales n = 139, days tracked n = 4358). 


marked by ear tattooing. One 
hundred and thirty nine of these 
were radiocollared using the 3-4g 
expanding break-away collar design 
of Soderquist (1993b). As part of a 
general study on the species, daily 
radio-tracking of phascogales was 
undertaken to identify nest-sites 
and determine nest site fidelity 
(frequency of use of any particular 
nest-site). Four thousand three 
hundred and fifty eight day/nest- 
site locations were recorded and 689 
different trees were identified as 
nesting trees. Difficulty in identi¬ 
fying the exact tree being used by a 
collared animal occurred 5-10% of 
the time, varying with transmitter 
quality, topography and forest 
structure, and where there was 
uncertainty such trees were not 
recorded. Due to the large territories 
and long distance movements of 
phascogales (Soderquist 1995) the 


total area over which habitat trees 
were documented was estimated to 
encompass 2500-3500 hectares. 
Individuals were tracked almost 
daily for up to 140 days, although 
30-40 consecutive days was most 
typical. Figure 2 illustrates day-time 
radio-tracking effort per individual. 
The high incidence of tracking 
animals for <10 days was a 
consequence of: (i) collar loss due to 
collars being chewed off by the 
mothers of collared young and 
collars coming adrift due to 
insufficient securing at the tie point 
(ii) long distance (eg. 6 kilometres) 
dispersal of young from the natal 
nest (individuals could not be 
relocated) and (iii) predation of 
mothers and young at the 
vulnerable stages of weaning and 
dispersal. 

In addition to day-time radio¬ 
tracking to habitat trees, night-time 
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tracking and behavioural obser¬ 
vations of active phascogales were 
undertaken to determine foraging 
and other behaviours, and to 
identify territory size and usage. 
Phascogales are typically undisturb¬ 
ed by observation using low 
illumination (Traill & Coates 1993), 
and could be quietly followed 
within metres. Behavioural obser¬ 
vations and radio-tracking to 
determine territories were carried 
out using the methodology des¬ 
cribed by Soderquist Ealey (1994) 
and Soderquist (1995a) except that 
most location points of active 
individuals were obtained by 
sighting the animal and pacing on a 
compass bearing to a known 
reference point. 

Logging Study 

Investigation of the direct impact of 
logging on Brush-tailed Phascogales 
was undertaken utilising a BACI 
design (Before/ After/ Control/ 
Impact) (Green 1989). Prior to the 
logging study, two years of general 
data had been collected, with one 
years pre-logging data having been 
obtained from the Kingston sites. 
Logging operations occurred from 
March until mid July 1995 on one 
Kingston site (Figure 1), and nine 
impacted phascogales were radio- 
tracked to their nests almost every 
day from the time of capture 
(February-May) until August 1 or 
death. Night tracking and 
observations of behaviour were also 
carried out on all of these 
individuals during this period. 
Other non-impacted phascogales 
were radiotracked in a similar 
manner, although radiotracking 
effort was much reduced. During 
the logging study a maximum of 30 


phascogales were collared at any 
given time across all Kingston sites, 
and on the site affected by logging a 
maximum of 17 was achieved. 
Typically it would take a single 
person 6-12 hours to radiotrack 30 
phascogales to their nest trees. All 
males in the population had died by 
mid July due to natural annual die¬ 
off, and the 1996 populations are 
currently being monitored to 
determine longer term effects. 


Characteristics of Habitat Trees 

Identified habitat trees were assessed 
for a variety of features, including 
species, dbhob (diameter at breast 
height over bark), presence of bark, 
condition (dead, senescent, alive), 
total height, height to canopy, 
canopy radius, height of fire 
damage, severity of fire damage, the 
estimated size of hollows available 
(large, medium, small) and for some 
trees, termite, rot damage and an 
estimate of the number of hollows. 
Hollow characteristics were 
measured in felled trees for 25 
possum and 15 phascogale hollows 
identified in use at/before tree fall. 

For the purpose of this paper, 
discussion will be confined to 
measures of tree species, diameter 
and tree condition. The diameter of 
trees is the best single predictor of 
the probability of hollows in Jarrah 
and Marri based on the 
examination of felled trees 
(McComb et aL 1994a), and therefore 
a central interest was to determine 
the diameters of trees which 
contained hollows suitable for 
phascogales. Fire is also an import¬ 
ant issue in hollow development 
(Inions et aL 1989), and this will be 
dealt with separately. 
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Table 1. The frequency of tree species used for nesting by Brush-tailed Phascogales in 
Jarrah Forest of Western Australia. 


Jarrah 

Marri 

undetermined * Wandoo 

Flooded Gum 

Banksia 

Total trees 

284 

362 

12 13 

17 

1 

689 


* dead trees; species uncertain but known to be either Jarrah or Marri 


RESULTS 
HABITAT TREES 

Tree Species Used as Habitat Trees 

Six hundred and eighty nine 
individual trees were identified as 
habitat trees for phascogales. Of 
these, 664 (95.5%) were Jarrah or 
Marri with the remaining being 
Flooded Gum or Wandoo (Table 1). 
Both Wandoo and Flooded Gum 
appeared to have suitable hollows, 
but these species were very 
uncommon throughout the study 
sites, so low usage can be considered 
as a measure of availability rather 
than preference. Ground nesting in 
logs and under stumps was recorded 
but this was uncommon and 
confined almost exclusively to the 
mating period of one specific year. 

Phascogales nested in Jarrah 41.2 % 
of occasions, and Marri 52.3% of 
occasions but underlying prefer¬ 
ence for individual tree species is 
unclear, because the relative 
proportion of suitable trees of 
different species was unquantified. 
Given that phascogales nested in 
Jarrahs of all sizes (Figure 3), no tree 
species preference was detected in 
reuse rates (see below) and there was 
a marked comparative decrease in 
Jarrah nesting incidence at above 
80cm dbhob (Figure 3), the likely 
explanation for most of the 
variability in nesting between tree 


species is that of general availability. 
In particular, large Jarrahs were 
observed to be less common than 
large Marris over most of the area 
(all study sites had been lightly cut¬ 
over for Jarrah on two to three 
occasions) and Marris dominated 
the stream zones and gullies. 

Size and Age of Habitat Trees 
Tree size was recorded as dbhob for 
all trees. For Marri and Jarrah 
without bark, 4 cm was added to 
the measurement as bark thickness 
is relatively uniform at about 2 cm 
(P. Biggs, pers. comm., Dept, of 
Conservation & Land Manage¬ 
ment). 

The 13 Wandoo recorded as habitat 
trees ranged in size from 39cm - 
84cm dbhob, with a mean size of 
60cm. Based on the diameter/age 
relationship established by Rose 
(1993), these sizes equate roughly to 
ages of 125 years (39cm), 175 years 
(60cm) and 300 years (84cm). No 
information has been found on 
ageing of Flooded Gum. Further 
reference to habitat trees in text 
and figures will be confined to 
Jarrah and Marri only. 

Utilisation of nesting trees became 
most apparent at about 40cm 
dbhob (Figure 3) with a combined 
mean size of 82.8cm (standard 
deviation (S.D.) 28.7) The mean sizes 
of Marri and Jarrah used were 
87.7cm and 76.6 cm respectively. 
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H Marri 



diameter (cm) 


Figure 3. Number and diameter (diameter at breast height over bark) of individual Jarrah 
and Marri habitat trees identified in use by radiocollared Brush-tailed Phascogales 
(phascogales n = 139, trees n = 633). 


Forty five percent of all trees used 
were less than 75cm, and 52.3% of 
these were Jarrah. Conversely only 
37% of all trees above 75cm were 
Jarrah, but both these findings may 
have been a reflection of avail¬ 
ability. 

The estimated age of these tree 
species based on established 
diameter-age relationships varies 
considerably depending on which 
data are used for calculations. 
According to those presented in 
Inions et al. (1989), Jarrahs of the 
recorded mean size approximate 300 
years, and Marris 580 years. 
However, preliminary examination 


of growth ring counts of felled trees 
near the study sites (unpubl. data, 
Dept, of Conservation and Land 
Management), suggests that age and 
diameter relationships between the 
two species are less disparate, and 
trees of the combined mean size of 
82cm may be approximately 225 
years. 

Reuse Rate of Habitat Trees 
Each phascogale utilised many 
habitat trees within its territory and 
regularly swapped between these 
trees, using some only once, while 
using others consecutively and/or 
repeatedly. The overall rate of 
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detected reuse (use > once) of 
habitat trees was 60%. This does not 
mean that 40% of trees were not 
actually reused, but is rather a 
consequence of radiotracking effort 
and several factors which influence 
the use of any given tree: (i) an 
identified tree may not have 
remained constantly available to 
the collared phascogale because of 
the presence of other (undetected) 
phascogales (intraspecific compe¬ 
tition/ avoidance) (ii) an initially 
identified tree may not have 
continuously fallen within the 
range of the collared phascogale - 
this was largely due to mobility of 
phascogales during dispersal, when 


their territories were unstable (iii) 
males and females swapped nest 
trees more regularly during the 
mating period, therefore the 
likelihood of detecting reuse was 
reduced at this phase and finally (iv) 
individuals may not have been 
tracked long enough or consistently 
enough to detect return to any 
given tree. 

Therefore the absence of detected 
reuse of any individual tree does 
not necessarily mean it was of low 
suitability as a habitat tree. 
However, detected reuse does infer 
that such a tree is a particularly 
suitable habitat tree. After tree 
diameters were log-transformed to 
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Figure 4. Number and diameter of re-used habitat trees compared to all habitat trees 
identified in use by radiocollared Brush-tailed Phascogales (phascogales n = 139, all trees n = 
633, reused trees n = 384). 


9 



































compensate for their skewed 
distribution (Figure 3) the mean 
diameters of trees used more than 
once were significantly greater than 
the means of those that were not 
reused (ANOVA, F l629 P=0.05) with a 


trend of greater reuse with 
increasing tree diameter (Figures 4 
and 5). Reuse of habitat trees > 95 
dbhob appeared more frequent, but 
sample size effects became apparent 
for the very large trees which were 


100 - 


A 


& 

O' 

CD 

4-> 

C 

<D 
<J 
L. 

CL 




A 


20 - 1- T ■ i ■■ i -1 - 1- 

Tt- '’0- 

7 T K> 7 

U> U> lO u> 

04 O W 


I ' 1 I 1 I' 


7 


U) IS) 
U3 C"- CO 


t— 1 —r 



1—' 

—1— 1 

—7—i 

i 

—T“ 

•M 

o 


u> 




tH 



in 

in 

iA 

LO 

iA 

■*-* 

04 

o 


10 


■H 

H 

H 

H 


diameter (cm) 


Figure 5. The percentage of habitat trees in each tree size class that were used more than 
once by Brush-tailed Phascogales (phascogales n = 139, reused trees n = 384, total trees n = 
633) The line indicates direction of trend. Size classes with < 2 trees have been excluded 
from the data. 


Table 2. Mean diameters (dbhob) and standard errors (S.E.) of reused and not reused 
Jarrah and Marri habitat trees. 



Tree Species dbhob (cm) 



Marri 


Jarrah 


Usage 

Mean dbh. S.E. 

n 

Mean dbh. S.E. 

n 

not reused 

84.30 2.5 

136 

75.35 2.4 

113 

reused 

89.79 2.0 

218 

77.47 1.95 

166 (Total n = 633) 
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uncommon in the study area. The 
analysis revealed no significant tree 
species/reuse interaction. In all cases 
the mean size of reused trees was 
greater than the size of trees used 
only once (Table 2). 

If reuse rates can be used to infer 
tree value (the greater the reuse, the 
greater the value of the tree as a 
habitat tree) then larger trees and 
especially those > 95cm are better 
habitat trees than those of smaller 
sizes. This implies that identified 
mean habitat tree size is less 
informative than the rate of use of 
size classes when using such 
information to make management 
decisions. The sizes of trees used for 
nesting are a function of general 
environmental availability, whereas 
rate of use may detect preference 


and is more independent of 
availability. 

Tree Condition 

All trees were classified as dead, 
senescent or other (Figure 6). 
Twenty seven percent of recorded 
habitat trees were dead (dead trees 
were defined as 95% dead above 
ground - some had a few regrowth 
shoots), 40% were senescent (dying 
back) and the remaining 33% of 
trees were assessed to be in 
reasonable health. 

Number and Spatial Organisation of 
Habitat Trees 

Radiotracking of foraging individ¬ 
uals was undertaken to determine 
territory size based on activity, and 
habitat trees occurred throughout 
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Figure 6. Number, diameter and condition of individual Jarrah and Marri habitat trees 
identified in use by radiocollared Brush-tailed Phascogales (phascogales n = 139, total trees 
n = 633). 
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each individuals territory without 
any apparent pattern (unpubl. 
data). The number of different 
habitat trees used by any individual 
varied greatly and both sex and 
temporal factors influenced tree 
use. To illustrate the extremes, one 
male used seven trees in 140 radio- 
tracking days and one female used 
23 different trees in 37 days. The 
estimated requirement of 20 
habitat trees/individual specified 
for Victorian phascogales by Soder- 
quist (1995b) appears reasonable for 
Western Australian animals. 

Phascogales that were associated 
with farms readily nested in trees in 
paddocks. Based on direct ob¬ 
servations (and T. Soderquist pers. 
comm.), phascogales typically 
avoided moving over bare ground. 
However they would cross up to 
300m of open space to nest in an 
isolated paddock tree. Further, the 
location of a nesting tree that was 
currently in use appeared frequent¬ 
ly to be independent of where the 
animal was foraging. Phascogales 
were often observed to bypass 


several of their other closer nest sites 
when returning to the one in use. 

Use of Phascogale Habitat Trees by 
Other Species and Hollow Entrance 
Requirements 

Incidental observations of possums 
were made while observing 
phascogales on emergence from 
their hollows at dusk. Ringtail 
Possums rarely appeared to use 
dreys in this area (pers. ob., see Ellis 
& Jones 1992), and both Brushtail 
Possums and Ringtail Possums 
concurrently utilised hollows in 
dead or large phascogale habitat 
trees. This implies that selection of 
such trees (Figures 4 & 5) for 
retention in logging areas will likely 
encompass habitat trees suitable for 
both phascogales and possums. 
Additionally, because of the 
number and size range of hollows 
often present in these trees 
(McComb 1994), there is a reasonable 
likelihood that they may contain 
hollows suitable for other hollow¬ 
nesting fauna (e.g. birds and bats). 


Table 3. Hollow entrance sizes used by Brush-tailed Phascogales and possums. 
Comparative data from other sources are included. 


Species 

Entrance size 

Range (cm) 

Mean 

n 


Possums 

width 

4.5-17.0 

8.8 

23 



length 

7.0-27.0 

13.3 




diameter 

6.0 - 49.0 

17.6 

32 

(Inions etal. 1989) 

Phascogales 

width 

24-6.2 

3.9 

15 



length 

3.0 - 21.0* 

7.3 




width 

24-5.5 


14 

(Soderquist 1993a) 


radius 

2.5 (semicircular 

- 

(Traill & Coates 



shape in artificial hollows) 

1993) 


In this study, large maximum entrance sizes occurred in phascogale hollows with * 
elliptical entrance shapes, and only one hollow entrance was recorded with both a large 
width and length (width 6.2cm, length 14.0cm). 


12 







Hollow competition between 
phascogales and possums is unlikely 
given the different hollow 
parameters and hollow entrance 
sizes used by each species. Based on 
the measurements of minimum 
and maximum entrance sizes 
(width and length) of hollows in 
felled or in accessible trees used by 
these species during this study 
(Table 3), possums utilised hollows 
with entrances larger than those 
used by phascogales. 

THE DIRECT EFFECT OF 
LOGGING 

Mortality at Tree Fall 

The locations of radio-collared 
phascogales present in logging 
coupes were checked prior to each 
days’ logging activities and only 
four trees containing collared 
animals were felled during 
operations. All phascogales survived 
tree fall without apparent injury. In 
contrast, the rate of felled trees 
containing possums was high. Based 
on one faller’s records from the 
study site, over a 12 week period, 65 
possums (10 Ringtail and 55 
Brushtail Possums) were noted 
present in felled trees in coupes 
totalling approximately 63 hectares 
(1 possum felled/hectare). Eleven of 
these were killed outright (pers. 
comm. E. Vermey, Rose and 
Bending Forestry Service, 
Manjimup, Western Australia). This 
mortality rate of 17% only reflected 
death due to single tree fall. It did 
not take into account later death 
due to injury nor death as a 
consequence of being injured by 
machinery or other falling trees, or 
being in another tree felled later in 
the same day. These were actively 


avoided by the faller, but such 
actions would be atypical during 
most logging operations. 

Habitat Tree Availability and Nesting 
Behaviour During and After Logging 

To examine the effect of habitat 
tree removal on phascogales, nine 
individuals were radiotracked in 
areas affected by logging operations. 
Prior to logging, numerous habitat 
trees were identified as used inside 
the coupes that were to be cut, and 
hollow trees were considered 
abundant. The term coupe is used 
in this context to describe a discrete 
area that is cut; for logging 
operations in the Jarrah forest this is 
typically up to ten hectares of 
clearfell (gap) or larger areas of 
partial clearing (shelterwood). 
Regions of vegetation corridors of > 
100m widths are retained between 
each gap. For details on logging 
practises see CALM (1995). 

The estimated amount of territory 
area affected by logging per 
individual ranged from 20% to 
80%. Territory sizes for this species 
in continuous forest were estimated 
to be typically 20-30 hectares prior 
to the mating season (unpubl. data) 
with little difference in the size of 
female and male territories (c.f. 
Soderquist 1995a). During and after 
logging, behavioural observations of 
active individuals showed that all 
impacted phascogales continued to 
forage extensively throughout the 
cut coupes (both among ground 
tree debris and on the remaining 
trees), but ceased nesting inside the 
coupe boundaries. They confined 
their nesting entirely to the uncut 
areas retained between the coupes 
and there was no evidence of 
territory shift. 
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Seven coupes contained collared 
phascogales during logging. Of 
these, three coupes were logged 
without retention of habitat trees 
(as part of other researchers' study 
design). To examine habitat tree 
availability after logging, the four 
coupes with retained habitat trees 
were traversed completely (approxi¬ 
mately 31 hectares) and examined 
for the presence of all trees marked 
for retention as potential habitat 
trees and all unmarked potential 
habitat trees remaining immedi¬ 
ately after logging (Table 4). 
Identified trees were assessed and 
recorded to species, dbhob was 
measured, and they were estimated 
as either actual (1) or possible (2) 
habitat trees, and for marked trees, 
those that were unsuitable (3) were 
recorded as such. In brief, trees 
with possum tracks or numerous/ 
obvious hollow entrances (broken 


limbs, shed limbs, broken trunk, 
cracks in the trunk) were classified 
as actual habitat trees and suitable 
for possums and phascogales. Those 
with apparent hollow entrances 
and of either large size or with 
significant fire or termite damage 
were classed as possible habitat trees 
being marginally suitable for 
possums, and possibly suitable for 
phascogales. 

Examination of each coupe 
revealed that few to no suitable 
habitat trees were retained. This is 
contrary to the logging prescription 
(CALM 1991) to mark and retain 
three potential habitat trees per 
hectare (or at a rate of 15 per 5 
hectares). Either many of the trees 
marked as habitat trees for 
retention were unsuitable, or no 
such trees were marked. In all cases 
where trees were marked, the 
numbers were far fewer than are 


Table 4. The number and estimated suitability of potential habitat trees marked for 
retention, and suitable unmarked potential habitat trees remaining in four coupes 
after logging. 


MARKED ADDITIONAL 

TREES UNMARKED TREES 

WITH HOLLOWS 


estimated logging Required Marked 


coupe 

size style 

hectares 

H trees 

H trees 

1 

2 

3 

1 

2 

1 

5 

gap 

15 

0 

0 

0 

* 

0 

1 

2 

6 

gap 

18 

3 

2 

0 

1 

0 

2 

3 

10 

sw 

30 

9 

0 

3 

6 

1 

7 

4 

15 

sw 

45 

25 

2 

7 

16 

0 

5 

overall 










totals 

31 

* 

108 

37 

4 

10 

23 

1 

15 


H = potential habitat tree, sw = shelterwood, 1 = actual habitat tree. 2 = possible habitat 
trees, 3 unsuitable as a habitat tree, required H trees = the number of marked potential 
habitat trees required to be retained during logging operations (CALM 1991) 
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required to be retained. Retained 
trees ranged in diameter from 39 - 
145cm (n=36), with a mean size of 
76cm (S.D. 24). 

Of the marked habitat trees (37 in 31 
hectares) only four were estimated 
to be actual habitat trees, and ten 
had some possibility of containing 
suitable hollows. If one assumes 
that of the latter, 50% could be used 
for nesting by phascogales, the 
overall availability of habitat trees 
across the 31 hectares was 0.29 trees/ 
hectare (1 tree/3 hectares). If the 
probability of use was less, the 
availability decreases further. 
Predicting hollows from the ground 
always involves some subjectivity. 
To test method accuracy the data 
were examined using the logistic 
regression relationship developed by 
McComb et al. (1994a). Based on 
known hollow characteristics re¬ 
quired by hollow-nesting species 
and the examination of hollows 
and tree characteristics in Jarrah 
and Marri (n=363), a relationship 
between tree diameter and hollow 
probabilities was established for 
various animals (not including 
phascogales). For Brush-tail Possums 
(model concordance = 86%,), where 
dbhob = diameter breast height over 
bark, the probability of possum 
hollows = 0.1*( 1/1 = exp (4.14 - 
dbhob * 0.056)) (McComb et al. 
1994b). Using this equation, 
collective hollow availability for 
possums based on the recorded 
diameters of 36 trees marked as 
habitat trees = 1.81 hollows/31 
hectares. This compares reasonably 
with the assessment that four trees 
possessed hollows suitable for 
possums. 

The contribution of incidentally 
left trees to habitat tree availability 


was low, and using the same 
principles as above, at best an overall 
(marked and unmarked) total of 
0.53 potential habitat trees/hectare 
remained for phascogales (1 tree/2 
hectares). In the shelterwood coupes 
where a greater retention of trees is 
intended, potential habitat tree 
levels for phascogales were 
collectively 0.45 trees/hectare (1 
tree/2 hectares). In addition, unless 
incidentally left trees are marked 
for retention as “crop trees” they are 
not secure, as these are poisoned, 
felled or pushed over during post¬ 
logging Jarrah Stand Improvement 
(CALM 1995). 

The absence of nesting by 
phascogales in cut coupes was 
directly due to few, if any, suitable 
phascogale habitat trees remaining 
after logging. Given that 
phascogales were observed to forage 
extensively throughout the coupes 
during and after cutting, spatial 
issues could not account for the 
change in nesting behaviour. 

After logging, phascogale nesting 
was completely confined to trees 
within retained corridors, therefore 
these corridors of vegetation are of 
great importance. It is of concern 
that logging policy allows for the 
cutting of these corridors (ex¬ 
cluding stream zones) in 10-20 years 
(CALM 1995). The additional 
removal of trees from the corridors 
in the manner noted above would 
result in local extinctions. Given 
the large territory sizes, exclusive 
nature of female territories and 
natural low densities of phascogales 
in continuous forest, stream zones 
alone will not provide sufficient 
area for populations to persist 
within logged areas. Although 
phascogale densities appeared 
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markedly higher on the study sites 
than in populations in Victoria 
(females 0.05/hectare (WA) in con¬ 
trast to 0.02/hectare (Victoria), 
Soderquist 1995a), this may be a 
phenomenon unique to the study 
area which is renowned for its high 
densities of several rare mammals 
(CALM, undated). For areas other 
than the Perup Forest and its 
surrounds, it is conservative to 
assume lower densities are typical 
and that disturbances would have 
greater impact on populations. 
Even ignoring the issue of loss of 
food resources caused by tree 
removal, other aspects of the species 
biology and behaviour compound 
their vulnerability to decline in 
areas of disturbance (Traill & Coates 
1993, Soderquist 1994). 


DISCUSSION AND CONCLUSION 

The main purpose of this paper is to 
present preliminary findings 
pertinent to decisions which are 
currently being made on habitat 
tree requirements for mammals in 
the Jarrah forest, and to discuss 
recommendations and issues on 
habitat tree retention. The main 
findings of this research were 
consistent with those of comparable 
studies - the trees that contain 
suitable hollows are large, and 
logging removes these trees. 
Authors of research on hollow- 
dependent fauna consistently 
express great concern about the 
future of Australia’s arboreal 
animals in production forests and 
reiterate that the reserve system has 
too many problems associated with 
it to mitigate concerns (see review 
Mcllroy 1990, Lunney 1991, RAC 


1992, Norton & Dovers 1994). What 
is encouraging is that modifications 
to hollow tree retention rates and 
logging intensity will alter the 
likelihood of hollow-nesting species 
persisting in logged regions (e.g. 
Kavanagh et al. 1995, Lindenmayer 
&. Possingham 1995). 

The mean size of habitat trees for 
phascogales in Western Australia 
was 82cm dbhob, which based on 
growth ring counts of felled trees 
equates to a tree age of about 225 
years. More frequently used trees are 
larger, therefore much older. The 
implications of this are obvious; 
current documented practices 
combined with planning decisions 
based on short logging rotation 
rates are disastrous for hollow 
dependent fauna unless serious 
changes are made to the quantity 
and quality of trees retained inside 
logging coupes, the logging of 
previously retained corridors and 
buffers, and if need be, the size of 
coupes and logging blocks, and their 
proximity to other logging blocks 
and cleared farmland. The pro¬ 
gressive loss of hollow-bearing trees 
across the Jarrah forest will 
eventually cause such a generalised 
refuge debt that hollow-dependent 
species will no longer be able to 
persist across their range. There is 
now sufficient basic biological and 
behavioural information available 
on many hollow-nesting species in 
Western Australia (Saunders et. al 
1982, Inions 1985, Wardell-johnson 
1986, Mawson & Long 1994, 
McComb 1994Jones & Hillcox 1995) 
to assess some of their habitat tree 
requirements and to provide the 
species-needs basis for designing 
habitat tree retention policies in 
production areas of the forest. 
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Determining Habitat Tree Retention 
Rates in Jarrah Forest Affected by 
Logging 

Designing optimum habitat tree 
retention policies for hollow- 
dependent fauna in timber pro¬ 
duction areas is complex, and much 
of the data needed to determine this 
are not available (see review of issues 
in Gibbons and Lindenmayer, in 
press). Most notably absent is 
information on the longevity of 
exposed retained trees in logged 
areas given varying coupe shape, 
size, and topography, the effects of 
soil disturbance during operations, 
and effects of regeneration burns 
and general controlled burns. Given 
these factors alone, retention rates 
must be conservative to allow for 
error in predicted tree longevity. 

Ideal retention rates of hollow¬ 
bearing trees in areas to be affected 
by logging must take into account 
all individual arboreal species needs 
(the number and types of trees 
needed per hectare), the spatial 
arrangement of such trees, and the 
issues of tree survival and 
recruitment rates of hollow-bearing 
trees to replace others as they fall. 
For the Brush-tailed Phascogale, an 
estimate of four actual habitat trees 
per hectare is used given an 
estimated mature population 
density on the study sites of 0.2 
phascogales/hectare (unpubl. data) 
and a habitat tree requirement of 
about 20 trees per phascogale 
(Soderquist 1995a). 

Spatial Arrangement of Habitat Trees 

The spatial arrangement of habitat 
trees may be important for some 
species (e.g. Ringtail Possum, Jones 
Hillcox 1995). For mature 


phascogales, however, this is 
probably unimportant in gap 
clearings provided these do not 
exceed the currently prescribed size 
of ten hectares. Eight to 13 hectares 
is the estimated core territory size 
for female phascogales (Soderquist 
1995), therefore gaps of < 10 hectares 
would rarely exceed core territories, 
and would be < 50% of total 
territory size. In contrast, as 
shelterwood clearing has no size 
limitation and there is no 
requirement for the retention of 
uncleared corridors between gaps 
and shelterwood, or within shelter- 
wood, habitat trees within these 
areas would need to be spread 
throughout. Generally, habitat trees 
should be well spaced. Factors 
determining spatial arrangement of 
habitat trees should also be 
concerned with promoting the 
lifespan of the retained trees 
(Gibbons &. Lindenmayer, in press) 
by configurations which offer wind 
protection, and by locations that do 
not allow waterlogging or drought 
stress, though never to the 
exclusion of choosing the most 
appropriate trees. 

Tree Species 

The species of trees chosen for 
retention may not be directly 
important, as suitable hollows occur 
in both Jarrah and Marri, and no 
preference was detected in reuse 
rates of these trees by phascogales. In 
the study by McComb et al (1994a), 
tree species was not detected to 
influence hollow availability for 
Port Lincoln Parrots or Galahs, and 
was not considered an important 
factor in general hollow availability 
(McComb 1994). Inions et al (1989) 
also concluded that possums did 


17 


not select trees on the basis of 
species, but factors other than 
hollow availability (Gibbons and 
Lindenmayer, in press) suggest that 
a range of species should be retained 
in logged coupes. 

Tree Size , Condition and Number 
Required for Retention 

In contrast to tree species, the 
condition and size of trees retained 
as potential habitat trees is critical. 
With the exception of dead trees 
(see below) or trees with obvious 
hollows, the most reliable guide to 
hollow presence is tree size. Hollow 
size, range of sizes and number are 
directly correlated with tree 
diameter (Faunt 1992, Rose 1993, 
McComb 1994). Tree longevity, 
growth, the recruitment rates of 
hollow-bearing trees, the proba¬ 
bilities of any given size class 
containing suitable fauna hollows 
and the implications of these for 
determining potential habitat tree 
retention rates in logging regions of 
the Jarrah forest have been 
estimated by McComb (1994). In a 
modelled study using information 
about possum and some bird 
hollow requirements, he suggested 
the retention of three ’’actual* 4 
(>100cm dbhob or largest available) 
and three "future* 4 (>50cm) habitat 
trees per hectare in high quality 
Jarrah forest (undefined, however is 
likely to refer to regions of highest 
rainfall and/or richer soils); in 
medium to low quality forest this 
figure is doubled (6 trees > 100cm, 6 
> 50cm/hectare) as tree growth rates 
are slower and loss rates are higher 
in these areas. These specifications 
are predicted to provide one possum 
hollow per 3.4 hectares in high 
quality forest (1 hollow/1.7 ha in low 


quality forest) at the time of cutting 
and given loss and recruitment 
rates, one hollow per 3.8 hectares in 
high quality forest (1 hollow/ 4 ha 
low quality forest) in 100 years time. 
In addition, it is recommended that 
one clump of forest be retained per 
10 hectares which contains: for high 
quality forest - 10 trees >100cm, 12 > 
50cm and low quality forest: 27 
trees > 100cm, 25 > 50cm. These 
clumps should be inspected to 
ensure that they contain these 
numbers - the implication being 
that minimum corridor size 
between coupes should be deter¬ 
mined by the number of habitat 
trees present, rather than be of a 
prescribed size as is the current 
practice. 

In addition to retaining live habitat 
trees, the retention of dead trees 
might be considered. Historically 
these trees have not been retained 
as habitat trees because of their 
financial value as firewood or 
woodchip, their hazard to logging 
crews during operations and their 
short lifespan as standing trees. 
They have also been shown to be 
the trees most likely effected by fire 
(Inions et al 1989). However, dead 
trees have been demonstrated as 
being particularly important for 
many species including hollow¬ 
nesting microchiropteran bats 
(review Gibbons Lindenmayer, in 
press), phascogales, Antechinus 
(Cockburn & Lazenby-Cohen 1992) 
and cockatoos (Saunders et al 1982). 
As these trees do not represent a 
source of regrowth suppression, are 
im-portant for some species, and 
would provide hollow logs at fall, 
they should be additionally retain¬ 
ed as current habitat trees and 
future habitat logs. 
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These recommendations are quite a 
departure from current practice. 
However, the policy prescription on 
habitat tree retention in logging 
areas of Jarrah forest is being revised 
and improved, with a requirement 
that four “primary” hollow-bearing 
trees > 70cm diameter be retained 
per hectare in gaps and shelterwood 
areas. The specified condition 
characteristics and spatial arrange¬ 
ments of these trees are appropriate. 
In addition to primary trees, six to 
eight "future” habitat trees/hectare 
of 30-70cm "if present, may be” 
retained in gaps (CALM 1995). There 
is no requirement for future 
habitat trees to be marked for 
retention in shelterwood areas. As 
yet the policy does not address the 
suggestion for variation between 
areas based on site quality nor 
changes to corridor sizes to include 
the recommended number of 
habitat trees between coupes. 
Additionally, the minimum size 
parameters of both the primary and 
future habitat trees are smaller than 
recommended. While in practice 
primary trees much greater than 
70cm may well be left, it may be 
necessary to specify a larger 
minimum size as many trees around 
70cm would not contain hollows 
with the deep cavities important 
for possums (Inions et ai 1989). In 
the case of future trees, the model 
predicts that if the minimum 
specified size (30cm) is chosen, they 
will not be available as suitable 
habitat trees before the loss of many 
primary trees. 

Conclusion 

Brush-tailed Phascogales in the 
Western Australian Jarrah forest 
require large numbers of hollow¬ 


bearing trees for nesting and 
examination of logging practices in 
this study showed that the 
availability of such trees was 
severely reduced within logging 
coupes. Changes to current habitat 
tree retention practices are needed if 
this species is to be conserved in 
production forests. Data collected 
during this study on the required 
number, characteristics and spatial 
arrangements of suitable habitat 
trees are consistent with recom¬ 
mendations made by McComb 
(1994) and short term habitat tree 
needs of phascogales may best be 
met by implementation of his 
recommendations. As these en¬ 
compass the needs of several 
hollow-nesting species and include 
modelling of long term factors, they 
are currently the most appropriate 
available. However, data on the 
longevity of trees retained after 
logging is very limited and 
determining habitat tree survival 
should be considered a priority. 
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THE BIRDS OF ROTI ISLAND, NUSA TENGGARA, 

INDONESIA 


By R.E. JOHNSTONE 

Western Australian Museum, Francis Street, Perth, 6000 Western Australia 

and P.JEPSON 

Birdlife International, Jl. Batutulis No. 1, Bogor, Indonesia 


SUMMARY 

This paper is based mainly on data gathered during surveys of 
Roti Island in October 1990 and September-October 1993. A total 
of 83 species of bird were recorded during these visits and 168 
specimens collected. Additional data has been collated from the 
literature. The distribution, abundance and habitat preferences 
found for each species are described. Many observations and 
specimens represent new records for Roti Island. 


INTRODUCTION 

Roti Island lies 10 km SW of Timor 
in the Indonesian province of Nusa 
Tenggara Timor (Figure 1). The Savu 
Sea is to the north and the Timor 
Sea to the south. It is a low 
limestone island about 90 km long 
and 25 km wide and covers an area 
of c. 1220 km2. It has a tropical 
monsoon type climate, character¬ 
ised by moderate stable tempera¬ 
tures and high relative humidity. 
The wet season (northwest mon¬ 
soon) begins in November and may 
continue until March. From April 
to November (dry season) the winds 
are predominantly from the south¬ 
east and are relatively dry. 

Collections and observations in 
1990 were made at the following 
sites: 

Baa 10°44'S, 123°06'E; 

Desa Oeseli 10°51'S, 123°05'E ; 


Desa Tesabela 10°35'S, 123°15'E. 

Two small islets namely Pulau 
Ndana (10°59'S, 122°53’E) and Batu 
Heliana (10°58'S, 122°53'E) off the SW 
coast of Roti were also visited. 

Seven major habitats were 
recognised on Roti. 

1. Marine. Includes coastal seas, 
straits between islands and 
gulfs. 

2. Mangal. Roti Island has many 
shallow bays and inlets which 
contain extensive stands of 
mangroves. Most blocks consist 
of a pioneer or seaward zone of 
Rhizophora, Avicennia, Sonneratia 
and Bruguiera and a landward 
zone of Avicennia and Ceriops. 
This habitat also includes small 
creeks running into the mangal 
and sandy, muddy and rocky 
coasts. 

3. Cultivated areas. These include 
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village gardens, rice fields, palm 
groves (coconut and lontar) and 
degraded pastures with castor- 
oil plant and lantana. 

4. Monsoon or semi-deciduous 
vine forest, thicket and scrub. 
Small pockets of vine forest 
occur along watercourses, in 
gullies and on tallus slopes and 
bases of low cliffs. Most are 
regularly burnt and cut for 
firewood. Trees and shrubs 
include Schleichea oleosa, Ficus 
spp., Pterocarpus indicus, Albizia, 
Erythrina, Melia, M yristica, 
Atalaya, Celtis, Randia, Zizyphus 
and Sterculia. 

5. Open woodland. Dry open 
woodlands with an understorey 
of grass cover much of the 
island. 

6. Grassland. Areas of rank grass¬ 
land ‘alang alang’ lmperata 
cylindrica occur throughout the 
island. 

7. Wetlands. There are several 
freshwater lakes on Roti, most 
of which have been severely 
degraded by domestic stock. 
One c. 20 km SSE of Baa 
contained about 4 ha of open 
water in October 1990 and was 
edged with grassland and in 
some places with patches of 
bulrush Typha. 

Pulau Ndana. This is a flat 
limestone island about 5 km long 
and 3 km wide, covering about 1562 
ha. and lying 3 km off the south¬ 
west tip of Roti (see Figure 1). There 
is a sandy beach with a good landing 
on the north-east side with low 
coastal dune vegetated with Spinifex 
longifolius and scattered small 
patches of Pandanus. Grassy coastal 
flats ranging from 200-800 m wide 


almost encircle the island. The 
central portions of the island are 
vegetated mainly with low vine 
forest including Ficus spp., Schleichea 
oleosa, Pterocarpus, Sterculia and 
Zizyphus. There is one large and two 
small lagoons near the centre of the 
island and a small spring near the 
northern end. 

Batu Heliana. This is a circular 
limestone stack lying between Roti 
and P. Ndana. It consists of steep, 
shelving limestone covered with 
open vine scrub 


ORNITHOLOGICAL HISTORY 

The ornithological history of Roti 
Island is rather limited. The earliest 
reports come from the anthro¬ 
pologist H.F.C. ten Kate who visited 
the island from the 22 August to 9 
September 1891. He collected six bird 
specimens representing five species 
which were listed in a paper by 
Buttikofer (1892). A further eight 
specimens were sent to the Leiden 
Museum by ten Kate in October 
1892 and ten in 1893 (Mees 1975). 
Some of these specimens were lost 
and Mees (1975) lists a total of fifteen 
skins and one skeleton covering 
thirteen species, collected by ten 
Kate. Next came the Flores 
missionary J.A.J. Verheijen who 
visited Roti and neighbouring Dao 
and Dob islands in 1969 and made 
collections and observations. Mees 
(1975) gives details of both ten Kate’s 
and Verheijen’s collections covering 
55 species for Roti and its satellite 
islands. 

A few notes on birds seen on Pulau 
Ndana by a team from Balai 
Konservasi, from 10-15 August 1990, 
were included in a report on Rusa 
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Figure 1 . Map of Nusa Tenggara (Lesser Sundas), Indonesia, showing Roti Island. 


Deer Cervus timorensis (Djodi 

Mochtar, 1990). 

R.E. Johnstone visited the island 
with a combined Western 
Australian Museum - Museum 


Zoologicum Bogoriense expedition, 
from 5 October to 17 October 1990. 
A total of 168 specimens were 
collected and observations were 
made throughout the island. Short 
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visits were also made to Pulau 
Ndana and Batu Heliana. 

P. Jepson visited Roti from 28 
September to 1 October 1993. 


ANNOTATED SPECIES LIST 

PROCELL ARIIDAE 

B ulweria buhveria Bulwer’s Petrel - 
One in Roti Strait on 1 October 1993. 

Puffinus pacificus Wedge-tailed 
Shearwater - One in Roti Strait on 
5 October 1990. Status in the region 
uncertain, very few published 
records. 

PHALACROCORACIDAE 
Phalacrocorax melanoleucos Little 
Pied Cormorant - One on rocks at 
mouth of a small creek near Baa on 
16 October 1990. 

Pelecanus conspicillatus Australian 
Pelican - Moderately common 
irregular non-breeding visitor from 
Australia. Group of 150-200 listed 
as residing on large lake Danau 
Oendui from April to November 
(UNDP/FAO Report 1982). Also five 
listed and photographed on Pulau 
Ndana by Balai Konservasi team in 
August 1990. 

ARDEIDAE 

A rdea purpurea manilensis Purple 
Heron - Mees (1975) lists one 
collected by ten Kate on 3 or 4 
September 1891. 

Egretta picata Pied Heron - Two 
adults at a small fresh water lake 
with Typha and sedges, near Baa on 
7 October 1990. 

Egretta novaehollandiae White-faced 
Heron - Scarce. Two on a small lake 


20 km SSE of Baa on 16 October 
1990. Mees (1975) lists a female with 
large gonads and a chick collected 
by Verheijen in March 1969. 

Egretta intermedia Intermediate 
Egret - Only one record, Mees (1975) 
lists a female collected on Pulau Dao 
by Verheijen on 18 April 1969. 

Egretta garzetta nigripes Little Egret - 
Locally moderately common. Two 
in mangal and 20 at small fresh 
water lake near Baa on 7 October; 15 
on mudflats at creek mouth near 
Baa on 9 October; and 8 at small 
fresh water lake 20 km SSE of Baa 
on 16 October 1990. 

Egretta sacra Reef Heron - Two 
white phase birds on mudflats near 
Baa on 7 October; one dark phase in 
bay near Oeseli; and one white and 
one dark phase on P. Ndana on 14 
October 1990. 

Bubulcus ibis Cattle Egret - 
Moderately common near Baa. 
Small groups (up to 12). Coastal flats, 
edges of mangal, lake edges and 
open woodland. Often associated 
with domestic stock. Some showing 
traces of breeding plumage in 
October. 

Butorides striatus javanicus Striated 
Heron - Moderately common in 
mangal and along rocky coasts. 
Recorded near Baa, at Oeseli and on 
Batu Heliana. 

Nycticorax caledonicus hilli Rufous 
Night-heron - Uncommon. A 
female collected from canopy of 
R hizophora mangal near Baa on 11 
October 1990. Mees (1975) lists a 
female with large gonads collected 
by Verheijen on 14 April 1969. 

* 

ACCIPITR1DAE 

Circaetus gallicus Short-toed Eagle - 
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Only one record, Mees (1985) lists a 
female collected by Verheijen on 11 
April 1969. Mees also discussed the 
status of this species in the Lesser 
Sundas, which may represent an 
endemic form. 

A ccipiter fasciatus hellmayri Brown 
Goshawk - Mees (1975) lists a 
juvenile male collected by ten Kate 
in 1891. 

Pernis ptilorhyncus Oriental Honey- 
buzzard - One with worn flight 
feathers, flying over Danau on 29 
September 1993. 

FALCONIDAE 

Falco moluccensis microbalia Spotted 
Kestrel - Scarce. Remains of ^ d ad 
bird found in open woodland near 
Baa on 8 October, and one circling 
cliffs . n Baiu He c\r . 1 14 October 
1990. Mees (1975) diso lists an 
unsexed specimen collected by ten 
Kate in 1891 and an Adult female 
from Pulau Dao collected by 
Verheijen on 14 April 1969. 

ANAT1DAE 

Dendrocygna arcuata Wandering 
Whistling Duck - A flock of 15 on 
fresh water lake 20 km SSE of Baa 
on 16 October 1990. Mees (1975) lists 
a juvenile and three downy young 
collected at Namo-Dale by 
Verheijen in March 1969. 

Anas gibberifrons Sunda Teal - A 
group of 35 on a small lake on the 
northern Pukuatu Peninsula in 
September 1993. Mees (1975) also lists 
two immatures collected at Namo- 
Dale by Verheijen on 24 April 1969. 

Anas superciliosa Pacific Black Duck 
- A flock of 120 on a small lake on 
the northern Pukuatu Peninsula in 
September 1993. 


PHAS1ANIDAE 

Coturnix ypsilophora Brown Quail - 
Moderately common. Three at edge 
of a cut Lantana grove near Baa on 7 
October; a female collected from 
open woodland near Baa on 10 
October; 4 in open woodland at 
Oeseli on 14 October; and 6 in 
spinifex on a dune on P. Ndana on 
14 October 1990. Mees (1975) also lists 
6 specimens including half grown 
young collected at namo-Dale by 
Verheijen in March 1969. 

Gallus gallus Red Junglefowl - Two 
flushed from a vine thicket on Batu 
Heliana (small islet off SE end of 
Roti Island) on 14 October 1990. 


RALL1DAE 

Gallirallus philippensis Buff-banded 
Rail - Mees (1975) lists a male from 
Mok-Dale and a juvenile from 
Namo-Dale collected by Verheijen 
in April 1969. 

Porzana cinerea White-browed 
Crake - A male collected from rice 
field near Baa in October 1990; also 
recorded at Danau Kecil in 
September 1993. Nest with 5 eggs 
found at edge of a rice field near Baa 
on 10 October 1990. The nest was a 
shallow saucer of dried grass 130 
mm wide and 25 mm deep. Four of 
these eggs measured 27.8 x 20.4, 26.4 
x 21.1, 27.5 x 21.0 and 27.0 x 21.00 
mm. 

Amaurornis phoenicurus leucomelanus 
White-breasted Waterhen - Locally 
moderately common but generally 
scarce. One edge of mangal near Baa 
on 8 October and an adult female 
collected from rice field near Baa on 
9 October 1990. Mees (1975) lists 3 
females and a downy chick 
collected at Mengge-Lama and 
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Namo-Dale by Verheijen in March- 
April 1969. 

Gallinula tenebrosa Dusky Moorhen 

- Scarce. Recorded at Danau Kecil 
on 29 September 1993. 

Porphyrio porphyrio Purple Swamp- 
hen - Only one record, Mees (1975) 
lists a specimen collected on Roti by 
ten Kate in 1891. 

JACANIDAE 

Irediparra gallinacea Comb-crested 
Jacana - Only one record, Mees 
(1975) lists a specimen collected on 
Roti by ten Kate in 1891. 

CHARADRIIDAE 

Pluvialis fulva Pacific Golden Plover 

- Recorded near Baa on 28 
September 1993. 

Charadrius peronii Malaysian Plover 

- Mees (1975) lists a male collected at 
Pulau Do6 by Verheijen on 13 April 
1969. 

Charadrius mongolus Lesser Sand 
Plover - Recorded in September- 
October 1993. 

SCOLOPACIDAE 

Numenius phaeopus Whimbrel - 
Moderately common in October. 
Ones, twos and small groups (up to 
10). Recorded at Baa, Tesabela and on 
Pulau Ndana. Mangal, mudflats and 
sandy beaches. 

Tringa totanus Common Redshank 

- Recorded at Danau Besar on 30 
September 1993. 

Tringa stagnatilis Marsh Sandpiper - 
Ten feeding on wet mudflats near 
Baa on 7 October 1990; two at a 
small freshwater lake 20 km SSE of 
Baa on 16 October 1990; and 
recorded at Danau Besar on 30 


September 1993. 

Tringa nebularia Common 

Greenshank - Recorded at Danau 
Besar on 30 September 1993. 

Tringa glareola Wood Sandpiper - 
One edge of a fresh water lake 20 
km SSE of Baa on 16 October 1990. 

Actitis hypoleucos Common 

Sandpiper - Moderately common in 
October 1990. Recorded at Baa, 
Oeseli and Tesabela. Mudflats, edge 
of mangal and rocky coasts. 

Heteroscelus brevipes Grey-tailed 
Tattler - Moderately common in 
September-October. Mudflats, 
mangal, sandy beaches and edge of 
fresh water lake with Typha. 

Arenaria interpres Ruddy Turnstone 
- Recorded at Baa on 29 September 
1993. 

Calidris subminuta Long-toed Stint — 
Ten in short grass and mud at small 
fresh water lake near Baa on 7 
October. 

Calidris acuminata Sharp-tailed 
Sandpiper - Recorded at Danau 
Besar on 30 September 1993. 

RECURV1ROSTRIDAE 
Himantopus leucocephalus Black¬ 
winged Stilt - Moderately common. 
Flock of 50 at a small fresh water 
lake near Baa on 7 October and 
another of 20 at a lake 20 km SSE of 
Baa on 16 October 1990. Mees (1975) 
lists three specimens collected by 
ten Kate in 1891. Also listed and 
photographed on Pulau Ndana in 
August 1990. 

BURH1N1DAE 

Esacus magnirostris Beach Thick- 
knee - Five on sandy beach of 
Pulau Ndana on 14 October 1990. 
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GLAREOLIDAE 

Stiltia Isabella Australian Pratincole 

- Single birds and small flocks (up 
to 10) on a grassy flat, edge of a small 
lake, near Baa on 7 October 1990. 
Mees (1975) lists one collected by ten 
Kate on 25 August 1891. Migrants 
from Australia. 

LAR1DAE 

Chlidonias hybridus Whiskered Tern 

- Flock of c. 70 in Roti Strait on 5 
October 1990. 

Sterna sumatrana Black-naped Tern 

- Six feeding in a bay on NE end of 
island on 14 October 1990. 

Sterna anaethetus Bridled Tern — 
Single birds and small groups (up to 
6) off Roti in October 1990. Mees 
(1975) lists one collected on Pulau 
Dao by Verheijen on 21 April 1969. 

Sterna fuscata Sooty T "n - Flock of 
150 in Roti Strait and 2 just off Roti 
on 5 October 1990. Mees (1975) lists a 
female collected on Pulau Dao by 
Verheijen on 17 April 1969. 

Sterna bergii Great Crested Tern - 
Three single birds in Roti Strait on 5 
October; flock of 20 at mouth of a 
creek near Baa on 7 October; and 3 
off SW coast on 14 October 1990. 
Anous stolidus Brown Noddy - Mees 
(1975) lists a female collected at sea 
near Pulau Dao by Verheijen on 17 
April 1969. 

COLUMB1DAE 

Treron psittacea Timor Green Pigeon 

- Mees (1975) lists a male collected at 
Danau Bais by Verheijen on 20 
March 1969. 

Ptilinopus regina ewingii Rose- 
crowned Fruit-dove - Moderately 
common in ones, twos and small 
groups (up to 4) on Roti; also 


recorded on Pulau Ndana, Batu 
Heliana and Pulau Dao. Mangroves, 
ficus thickets and monsoon scrub 
with fruiting trees. 

Streptopelia chinensis tigrina Spotted 
Dove - Moderately common and 
widespread. Mainly in and around 
cultivation, also monsoon thickets 
and open Lontar woodland. Also 
listed for Pulau Ndana and Dao. 

Geopelia striata maugei Zebra Dove - 
Common and widespread. Ones, 
twos and small groups (up to 6). 
Mainly open woodland. 

Chalcophaps indica Emerald Dove - 
Moderately common to common. 
Mainly in ones and twos. Monsoon 
thickets with Ficus, Zizyphus and 
Randia; also edges of cultivation 
with castor oil plants, lantana and 
Lontar palms; edges of mangal and 
open woodland. Mees (1975) lists 
nestlings collected by Verheijen on 
16 and 19 March 1969. 

Roti birds are intermediate in 
coloration between the brown and 
grey headed forms. 

PS1TTAC1DAE 

Tanygnathus megalorynchos Great¬ 
billed Parrot - One in forest at Seda 
on the 30 September 1993. The first 
record for Roti. 

A prosmictus jonquillaceus Olive¬ 
shouldered Parrot - Scarce. Mees 
(1975) lists a male and female 
collected at Mok-Dale by Verheijen 
on 31 March 1969. 

CUCUL1DAE 

Chrysococcyx lucidus Shining Bronze 
Cuckoo - Mees (1975) lists two 
females and one male collected on 
Pulau Dao by Verheijen in April 
1969. 
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Centropus bengalensis javanensis 
Lesser Coucal - Mees (1975) lists two 
females and .one male collected by 
Verheijen in 1969. 

TYTONIDAE 

Tyto alba delicatula Barn Owl - A 
male collected from a cave at Oeseli 
on 12 October. The first record for 
Roti. 

STR1G1DAE 

Ninox sp. - A female collected from 
open woodland at Tesabela on 17 
October. A description of this new 
species - subspecies is in 
preparation. 

CAPRIMULG1DAE 
Caprimulgus affinis Savanna Nightjar 
- Locally common, e.g. near Baa and 
Tesabela. Nine recorded at night 
along 1 km of track behind mangal 
near Baa on 6 October; 12 along 100 
m of track on 8 October; and 6 edge 
of mangal at Tesabela on 16 October. 

APOD1DAE 

A erodramus fuciphagus Edible-nest 
Swiftlet - About 10 circling coast 
and caves near Baa on 6 October 
1990. 

Collocalia esculenta neglecta White- 
bellied Swiftlet - Moderately 
common. Small flocks (up to 30) 
over coasts, caves and limestone 
pinnacles. Breeding in caves near 
Oeseli. In October nests contained 
young ranging from newly hatched 
to fully feathered. 

ALCEDIN1DAE 

Alcedo atthis Common Kingfisher - 
A male collected from a creek near 
Baa on 9 October. 


Halcyon sancta Sacred Kingfisher - 
Moderately common in October. 
Ones and twos. Mangal and open 
woodland. Mainly a winter visitor 
from Australia. Mees (1975) also lists 
two males collected on Pulau Dao 
by Verheijen in April 1969. 

Halcyon chloris chloris Collared 
Kingfisher - Moderately common 
in ones and twos. Mangal, 
woodland, monsoon forest and 
rocky coasts. Also recorded on Batu 
Heliana and Pulau Dao. 

MEROP1DAE 

M erops ornatus Rainbow Bee-eater - 
Uncommon in October. Small 
groups (up to 13). Mainly open areas, 
edges of mangal and open 
woodland. Winter visitor from 
Australia. 

H1RUND1N1DAE 

Hirundo tahitica Pacific Swallow - 
Two over Pantai Baru on 5 October; 
6 over a small lake near Baa on 7 
October; and 10 over a small lake 20 
km SSE of Baa on 16 October. Mees 
(1975) also lists a specimen collected 
on Pulau Dao by Verheijen on 3 
April 1969. 

MOTAC1LL1DAE 

Anthus novaeseelandiae Richard’s 
Pipit - Six on a grassy flat near Baa 
on 7 October and one on grassland 
at Oeseli on 16 October. Also two on 
burnt dune on Pulau Ndana on 14 
October. Mees (1975) lists five 
females and one fledgling collected 
on Pulau Dao by Verheijen in April 
1969. 

CAMPEPHAGIDAE 

Coracina personata personata 
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Wallacean Cuckoo-shrike - Un¬ 
common. Mainly pairs in open 
woodland. Mees (1975) lists two 
nestlings collected at Namo-Dale by 
Verheijen on 26 March 1969. 

Coracina novaehollandiae Black¬ 
faced Cuckoo-shrike - Scarce or 
uncommon. In ones and twos. 
Mainly open woodland and 
monsoon thickets. Also listed by 
Mees (1975) for Pulau Dao. 
Presumably migrants from 
Australia. 

Lalage sueurii sueurii White-winged 
Triller - Uncommon. In ones and 
twos. Mainly coastal monsoon 
thickets, mangroves and open 
woodland. Stomach of one 
specimen contained Ficus fruits. 
Also listed by Mees (1975) for Pulau 
Dao. 


TURDIDAE 

Saxicola caprata pyrrhonota Pied 
Bush-chat - Moderately common. 
Mainly ones and twos. Open 
woodland with L ontar, Ficus and 
Z izyphus. Nest with 3 feathered 
chicks at Oeseli on 12 October 1990. 
Also listed by Mees (1975) for Pulau 
Dao. 

Saxicola gutturalis White-bellied 
Bush-chat - Status uncertain. Not 
recorded in 1990 or 1993 but Mees 
(1975) lists two females collected by 
ten Kate in 1891. 

Z oothera peronii Orange-banded 
Thrush - Two in a patch of 
monsoon forest near Baa on 7 
October 1990 and one in forest at 
Seda on 30 September 1993. These 
represent the first records for Roti, 
previously known only from 
Timor, Semau, Wetar, Roma, Damar 
and Babar. 


SYLV1IDAE 

Cisticola juncidis fuscicapilla Zitting 
Cisticola - Scarce. Recorded in 
lakeside sedges, lantana thickets in 
open woodland, rice fields, and in 
Spinifex longifolius and Pandanus on 
beaches. Mees (1975) lists several 
fledglings collected in late March. 

MUSC1CAP1DAE 

Cyornis hyacinthinus Timor Blue 
Flycatcher - Three in forest at Seda 
on 30 September 1993. Previously 
only known from Timor, Wetar 
and Semau. 

ACANTH1ZIDAE 

Gerygone inornata Plain Gerygone - 
Moderately common. Monsoon 
thickets, open woodland and 
mangal. Also recorded on Pulau 
Ndana. Mees (1975) lists two small 
nestlings collected at Baa by 
Verheijen on 15 March 1969. 

MONARCHIDAE 

M yiagra ruficollis ruficollis Broad¬ 
billed Flycatcher - Moderately 
common. Confined to mangroves, 
mainly stands of Rhizophora, 
Sonneratia and Ccriops. Mees (1975) 
lists a female on a nest collected by 
Verheijen on 22 March 1969. 

Rhipidura rufiventris tenkatei 
Northern Fantail - Uncommon. 
Single birds recorded in monsoon 
thicket and mangal. This subspecies 
is restricted to Roti. 

Rhipidura rufifrons semicollaris 
Rufous Fantail - Moderately 
common in good stands of mangal 
especially Rhizophora forest. Mees 
(1975) lists a female collected on 
Pulau Dao by Verheijen on 14 April 
1969 as having had a nest with 
young. 
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PACHYCEPHALIDAE 

Pachycephala pectoralis calliope 
Common Golden Whistler - 
Moderately common. Confined to 
mangroves especially stands of 
Rhizophora and Sonneratia. Also 
recorded in low vine thicket on 
Pulau Ndana. 

D1CAEIDAE 

Dicaeum maugei maugei Red-chested 
Flowerpecker - Scarce. Recorded 
near Baa and Oeseli. Open 
woodland. 

NECTAR1N1IDAE 

Nectarinia Solaris Flame-breasted 
Sunbird - Scarce. Observed in 
flowering Lantana near Baa; open 
woodland at Oeseli; and low scrub 
at Tesabela. 

ZOSTEROPIDAE 

Zosterops citrinellus citrinellus Ashy- 
bellied White-eye - Common. 
Monsoon thickets, mangal, 
cultivated areas and open 
woodland. Also recorded on Pulau 
Ndana in vine thicket and from 
Pulau Dao. 

MEL1PHAGIDAE 

Lichmera indistincta limbata Brown 
honeyeater - Common to very 
common. Mainly mangroves and 
patches of monsoon thicket with 
Ficus, Zizyphus and kurrajong. Also 
recorded by Verheijen on Pulau 
Dao. 

Myzomela erythropcephala Red¬ 
headed Myzomela - Scarce or rare. 
Two records of two birds in vine 
thicket near Baa on 7 October 1990. 
The first record for Roti and 
appeared to be like the blackish 


backed race dammermani of Sumba. 
Philemon buceroides buceroides 
Helmeted Friarbird - Moderately 
common. Monsoon thicket, 
mangroves, open woodland and 
Lontar woodland. Nest with 2 chicks 
(almost fledged) at Oeseli on 12 
October 1990. Mees (1975) also lists a 
nestling male collected at Namo- 
Dale on 31 March 1969. 

ESTR1LD1DAE 

Amandava amandava flavidiventris 
Red Avadavat - Moderately 
common in cultivated areas. 

Taeniopygia guttata Zebra Finch - 
Moderately common in small flocks 
(up to 20). Mainly cultivated areas 
Lontar groves and open woodland, 
also grassy flats around lakes. 

L onchura punctulata Scaly-breasted 
Munia - Locally moderately 
common. Mainly small flocks (up to 
8). Rice fields, grassland, lake edges 
and occasionally open woodland. 
First records for Roti. 

Lonchura quinticolor Five-coloured 
Munia - Locally moderately 
common. Small flocks in rice fields 
and grassland. Verheijen noted a 
nest with eggs near Baa on 24 March 
1969 (Mees 1975). 

Lonchura molucca Black-faced 
Munia - A flock of 6 birds, probably 
this species, flushed from open 
woodland near Baa on 7 October. 
Lonchura pallida Pale-headed Munia 
- Mees (1975) lists a female collected 
on Pulau Dao by Verheijen on 10 
April 1969. 

STURN1DAE 

Aplonis minor Short-tailed Starling - 
Scarce. Adult male collected from 
open woodland near Baa on 10 
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October 1990. The first record for 
Roti. 

ORIOLIDAE 

Oriolus melanotis melanotis Timor 
Oriole - Uncommon or scarce. Mees 
(1975) lists five specimens collected 
by ten Kate and Verheijen from Baa, 
Namo-Dale and Mok-Dale. A female 
was also collected from open 
woodland near Baa on 10 October 
1990. 

Oriolus chinensis Black-naped Oriole 
- Scarce. Recorded at Seda on 30 
September 1993. The first record for 
Roti. 

Sphecotheres viridis viridis Green Fig- 
bird - Uncommon. Mainly ones and 
twos but once a flock of 8. Recorded 
near Baa, Oeseli and Tesabela. 

D1CRURIDAE 

Dicrurus densus densus Wallacean 
Drongo - Scarce. Ones and twos in 
open woodland and mangroves. 

ARTAM1DAE 

A rtamus leucorhynchus albiventer 
White-breasted Woodswallow - 
Moderately common in ones and 
twos. Mainly open woodland. Mees 
(1975) also lists a female collected on 
Pulau Dao by Verheijen on 3 April 
1969. 

CORVIDAE 

Corvus macrorhynchos rnacrorhynchos 
Large-billed Crow - Scarce. One 
record of a single bird over Lontar 
grove at Oeseli on 14 October 1990. 


DISCUSSION 

Of the 101 species listed in this paper 
37 are new records for Roti namely: 


Bulwers Petrel, Wedge-tailed Shear¬ 
water, Pied Heron, Little Egret, Reef 
Heron, Oriental Honey-buzzard, 
White-browed Crake, Dusky Moor¬ 
hen, Pacific Golden Plover, Lesser 
Sand Plover, Whimbrel, Common 
Redshank, Marsh Sandpiper, 
Common Greenshank, Wood 
Sandpiper, Common Sandpiper, 
Grey-tailed Tattler, Rudy Turn¬ 
stone, Long-toed Stint, Sharp-tailed 
Sandpiper, Whiskered Tern, Black- 
naped Tern, Great Crested Tern, 
Great-billed Parrot, Barn Owl, 
Ninox sp., Edible-nest Swiftlet, 
Black-faced Cuckoo-shrike, Orange- 
banded Thrush, Timor Blue 
Flycatcher, Broad-billed Flycatcher, 
Common Golden Whistler, Red¬ 
headed Honeyeater, Scaly-breasted 
Munia, Black-faced Munia, Short¬ 
tailed Starling and Black-naped 
Oriole. 

A further 18 species are listed for 
Roti by White and Bruce (1986) 
namely: ? Red-throated Little Grebe, 
Great Frigatebird, Masked Booby, 
Brown Booby, Great-billed Heron, ? 
Black Bittern, Royal Spoonbill, 
Osprey, Brahminy Kite, White- 
bellied Sea Eagle, Little Falcon, Blue¬ 
breasted Quail, Red-backed Button- 
quail, Shining Bronze Cuckoo, 
?Elegant Pitta, Golden-headed 
Cisticola and Timor Sparrow. 

This gives a total of 119 species (83 
non-passerine and 36 passerine) so 
far recorded for Roti and its satellite 
islands of P. Ndana, P. Heliana, P. Dao 
and P. Dob. As for many of the 
Lesser Sunda Islands non-passerine 
species outnumber passerines by a 
ratio of about 2:1. 

Although we feel that most of the 
resident breeding species have been 
recorded for Roti further work will 
no doubt add other Palaearctic 
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migrants and additional wetland 
birds could be expected during visits 
after good seasons. Several other 
Australian migrants could also be 
expected including the Tree Martin 
(Hirundo nigricans) and Magpie Lark 
(Grallina cyanoleuca), both of which 
have been recorded on Timor. 

Roti is situated only 10 kilometres off 
the south-western tip of Timor so it is 
not surprising that its avifauna is 
similar to that of south-western 
Timor. Roti is however much smaller 
than Timor, morearid, lacks elevation 
and thus lacks all species confined to 
montane forest. As a consequence its 
bird fauna of 119 species is quite 
depauperate compared to that of 
Timor with about 230 species, but 
comparable with that of nearby 
Semau Island with about 80 species. 
Much of Roti has been heavily 
deforested and forest clearing and 
burning has had a major impact. 
Although there is little endemism on 
the island it contains a number of 
species that have particular con¬ 
servation importance including the 
Ninox sp., also populations of Rose- 
crowned Fruit-d ove(Ptilinopusregina), 
Emerald Dove ( Chalcophaps indica), 
Wallacean Cuckoo-shrike (Coracina 
personata), Orange-banded Thrush 
(Z oothera peronii), Timor Blue 
Flycatcher (Cyornis hyacinthinus), 
Northern Fantail (R hipidura 
rufiventris) and Red-headed 
Myzomela (M yzomela erythrocephala). 
The Ninox sp. may prove to be the 
only endemic found on Roti and its 
taxonomic status is currently under 
review. 

The Rose-crowned Pigeon Ptilinopus 
regina is of interest because it 
undergoes considerable geographic 
variation in the Lesser Sundas. 
Johnstone (1981) recognised two 


subspecies in the region namely: 
Ptilinopus regina ewingii occurring on 
Flores, Sabu, Roti, Semau and south¬ 
western Timor (also north-west 
Australia); and Rr. xanthogaster from 
Banda, Kai, Tanimbar, Luang, 
Sermata, Damar, Teun, Nila and 
Babar. Rr. ewingii has a reddish pink 
crown and greenish grey mantle 
whereas xanthogaster has the crown 
and mantle mostly grey. Birds from 
Wetar, Romang, Moa, Kisar, Leti and 
eastern Timor are intermediate in 
coloration. Further work is needed 
especially on Timor to clarify the 
status of both ewingii and 
xanthogaster. 

White and Bruce (1986) mention 
that the two forms of the Emerald 
Dove (pale headed Chalcophaps 
indica indica and the dark headed 
C.i. longirostris) replace each other 
abruptly in Wallacea, with no ap¬ 
parent intermediates. This however 
is not the case and both Roti and 
Sabu Island populations are inter¬ 
mediate in coloration between the 
two forms i.e. with forehead pale 
purplish brown, crown and nape 
(sometimes just nape) dark bluish 
grey and mantle variable (purplish 
brown, a mixture of purplish 
brown and dark bluish grey or with 
a central zone of dark bluish grey). 

The Orange-banded Thrush 
Zoothera peronii is a restricted-range 
species endemic to Timor, Wetar 
and islands east to Babar. Recent 
records from Semau and Roti are 
important extensions of range. The 
Timor Blue Flycatcher Cyornis 
hyacinthinus was also previously 
only known from Timor, Wetar 
and Semau Islands and its 
occurrence on Roti is another 
important extension of range. 
Further work is also needed to 
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clarify the subspecific status of the 
Roti populations of the Orange- 
banded Thrush, Timor Blue Fly¬ 
catcher and Red-headed Myzomela. 
The Northern Fantail subspecies 
Rhipidura rufiventris tenkatei is 
endemic to Roti. 

The list contains a number of 
species that are migrants or 
occasional visitors to Roti. For 
example the Pacific Golden Plover, 
Lesser Sand Plover, Whimbrel, 
Common Redshank, Marsh Sand¬ 
piper, Common Greenshank, Wood 
Sandpiper, Common Sandpiper, 
Grey-tailed Tattler, Ruddy Turn¬ 
stone, Long-toed Stint and Sharp- 
tailed Sandpiper are all non¬ 
breeding winter visitors or passage 
migrants from the Palaearctic. The 
flyway between northern Asia and 
north-western Australia that is used 
by vast numbers of shorebirds and 
seabirds is of international import¬ 
ance. Although few shorebirds 
overwinter in Wallacea the region 
provides the last landfall for many 
migrants on their way to and from 
Australia. For the smaller species in 
particular islands such as Roti 
provide important staging and 
resting sites especially mangal, 
mudflats and wetlands. 

The Australian Pelican, Pied Heron, 
Australian Pratincole, Shining 
Bronze Cuckoo, Sacred Kingfisher, 
Rainbow Bee-eater and Black-faced 
Cuckoo Shrike are all migrants 
from Australia. 
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ABSTRACT 

The pattern of germination and seedling morphology of 
Cephalotus follicularis are reported in detail for the first time. 
Germination is epigeal phanerocotylar, with the first leaves 
alternate. The testa is carried out of the fruit on the apex of a 
cotyledon, but the seedlings develop an expanded but non- 
vascularized extension of the hypocotyl. This grows back into 
the remnant carpel (follicle), filling it and possibly acting as a 
(non-starchy) food reserve for the young seedling. However, this 
utilisation of the follicle might also act to protect the seedling 
both from invertebrate herbivores and from dehydration, 
absorbing water through capillary action. 


INTRODUCTION 

The Cephalotaceae are an unusual 
carnivorous pitcher plant family 
consisting of a single species 
Cephalotus follicularis Labill. endemic 
to south-west Western Australia in 
swamps near Albany (Erickson 1968; 
Lowrie 1978). Cephalotus is tradition¬ 
ally related to the mainly extra- 
Australian families Saxifragaceae 
and Crassulaceae in the Rosidae: 
Saxifragales (summarised in 
Brummitt 1992). However, recent 
studies of the family’s affinities by 
Albert et al ( 1992) and Chase et oil 
(1993) using DNA sequencing found 


that its relationships were 
apparently closer to predominantly 
Australian or Gondwanan taxa 
such as the Tremandraceae, 
Eucryphia and Cunoniaceae in the 
higher Rosidae. 

Seedling morphology and 
germination behaviour have long 
been known to have not only 
taxonomic (Vogel 1980) but 
ecological significance (Grubb 1977), 
with Gutterman ( 1994) observing 
that the degree of success at seedling 
establishment can determine the 
ultimate survival and fecundity of 
the adults. Establishment ecology is 
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also related to features such as 
parental life-history strategy or 
adaptation to fire (Clifford 1981; Bell 
et al 1993). Clifford (1981) deemed 
cryptocotylar germination to be in 
part an adaptation (at least in 
rainforests) to seedling grazing 
pressure by invertebrates, by 
protection of the cotlyedonary 
axillary buds inside the seed coat. 

Germination patterns are are 
generally constant within genera 
(Clifford 1981), and Duke (1965) 
classified dicot germination types 
into phanerocotylar - the 
cotyledons emerge fully; and 
cryptocotylar, where they remain 
largely enclosed by the testa. 
Phanerocotyly always occurs with 
epigeal (above ground) germination 
and cryptocotyly is generally 
hypogeal (below ground), although 
Clifford (1984; 1991) listed several 
taxa with epigeal cryptocotyly. In 
addition, several plants with 
phanerocotylar germination then 
bury the plumule by elongation of 
the cotyledons (Jackson 1974). 
Similarly, in many monocots the 
hypocotyl is frequently elongated 
(Tillich 1995), resulting in some taxa 
such as the South African lily genus 
Eriospermum burying the plumule 
far below ground (Conran, unpubl. 
obs.) 

Carnivorous plants have been the 
subject of a range of studies 
(summarised in Juniper et al. 1989) 
and there are reports on the seed 
structure and/or germination in 
the Droseraceae (e.g. Clifford 1984; 
Boesewinkel 1989; Conran et al. 
submitted), Nepenthaceae (Mac- 
farlane 1908a) and Sarraceniaceae 
(Macfarlane 1908b). Similarly, the 
unusual pseudo-monocotyledonous 
seedlings of Utricularia (Len- 


tibulariaceae) were detailed by 
Kondo etal. (1978). 

Nevertheless, although the seeds 
and fruits of C. follicularis have been 
described by Corner (1976), and the 
germination conditions by 
Piliciauskas (1989), the detailed 
structure and germination charac¬ 
teristics are unreported. In 
particular, because there are a 
number of unusual features of the 
seedlings of Cephalotus, this present 
account details the morphology of 
its seedlings. 

MATERIALS AND METHODS 

Ripe seeds of Cephalotus follicularis, 
each still enclosed within their 
individual carpels, were sown on 
live Sp/iagntmi in which the parent 
plant was growing. The 15 cm pot 
was watered from below by sitting 
it in a tray with 2 cm of rainwater 
and kept in an unheated glasshouse 
in Adelaide during summer 1991. 
Germination occurred in late 
autumn, and seedlings were 
collected at the 2-3 leaf stage and 
preserved in 70% ethanol. In 
addition, seedlings at a similar stage 
of development were observed in 
the field near Denmark in south¬ 
west Western Australia during late 
March 1994. Alcohol-cleared seed¬ 
lings were rinsed in distilled water 
and then treated with a mixture of 
1:1 phoroglucinol and 5M HC1, 
which is specific for lignin. 
Similarly, other cleared seedlings 
were immersed in 1 2 KI solution to 
test for the presence of starch in the 
hypocotyl or other seedling tissues. 

RESULTS 

The seedlings were phanerocotylar, 
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Figure 1 . Cephalotus follicularis Labill. seedlings (all to indicated scale). A - seedling 
emerging from carpel follicle, with remnant seed coat on cotyledon apex. B - lateral view 
of seedling (follicle removed) showing radicle and extended hypocotyl. C - view of 
seedling from above showing expanded cotyledons and developing alternate first leaves 
(noncarnivorous). 
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with the cotyledons emerging from 
the carpel follicle which enclosed 
the seed (Figure 1A). Following 
expansion of the cotyledons, the 
remnants of the seed coat remained 
for some time on the apex of one of 
them. The cotyledons are obovate, 
glabrous and c. 2 mm long and OS¬ 
LO mm wide (Figure 1B,C). The first 
leaves are alternate and in both field 
and glasshouse grown plants, the 
first two leaves were non- 
carnivorous, although subsequent 
leaves may form pitchers. These first 
leaves were similar to the normal 
leaves of the plants. The radicle 
developed normally into the first 
root. 

The unusual feature of the 
seedlings is that the hypocotyl base 
began to develop after germination, 
thickening to c. 1 mm diameter 
roughly 0.5 mm below the 
cotyledons and elongating up to a 
further 1.5 mm (Figure 1B-C) into 
the enclosing carpel remnant. This 
expansion occurred through the 
production of parenchymatous 
tissue which extended back into 
the carpel, filling the space. There 
was well developed and lignified 
xylem visible in the cleared, stained 
specimens extending through the 
hypocotyl from the cotyledon and 
leaf vascular traces to the radicle, 
but there was no lignified tissue or 
apparent vascularisation of the 
hypocotyl outgrowth. Neither the 
hypocotyl nor any other tissues 
contained starch. 


DISCUSSION 

In comparison with Cephalotus, 
germination in the other families of 
the Cunoniales such as the 
Cunoniaceae and Tremandraceae is 


phanerocotylar but otherwise 
unspecialised. The condition of 
hypocotylar development seems to 
be restricted to the Cephalotaceae, 
and possibly represents an ecological 
specialisation rather than phylo¬ 
genetic trait. The absence of starch 
or of any vascularisation into the 
hypocotylar extension suggests that 
the region is not primarily a storage 
tissue, although there are storage 
compounds other than starches 
which might be present. 

Cephalotus grows in moist Sphagnum 
swamps in south-west Western 
Australia, but as with most species 
of carnivorous plant, does not 
generally occur in standing water 
(Lowrie 1978). Although they grow 
in swamps, the plants are fire 
resistant, resprouting from a short 
rhizome. In addition, DeBuhr (1976) 
suggested from field observations 
that germination may be fire- 
induced. Because most carnivorous 
plants show very poor root 
development, especially as seedlings, 
they can have difficulty establish¬ 
ing quickly (Juniper et at. 1989), and 
Green (1967) noted for Nepenthes 
that the seed coat kept the seedling 
moist by capillary action. It is 
possible that the condition in 
Cephalotus is analagous. The tiny 
seed emerges from the follicle 
carrying the remnant testa on a 
cotyledon apex. Nevertheless, by 
then expanding the hypocotyl back 
into the much larger follicle 
remnant, the seedling may likewise 
obtain additional moisture via the 
hairs and ridges on the outside of 
the follicle. There may also be 
additional protection of the delicate 
seedling tissues from invertebrate 
grazers through partial enclosure, 
although further studies are needed 
to confirm this. 
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In conclusion, germination in the 
Cephalotaceae appears to have 
undergone specialisation. Because 
the seedlings are slow to develop the 
relatively few roots that the mature 
plants possess, the expansion of the 
hypocotyl back into the remnant 
follicle might serve as an additional 
moisture source via capillary action, 
and/or partial protection of the 
seedling from herbivores. 
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A BLUE AND WHITE FLYCATCHER (FICEDULA 
CYANOMELANA), A NEW BIRD FOR AUSTRALIA 
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and J.C. DARNELL 
1 Farnley Way, Duncraig W.A. 6023 


INTRODUCTION 

On 5 December 1995 Grant and 
Clare Morton of Wickham, found a 
small dead bird on Settlers Beach, 
near Cossack, Western Australia. 
The bird was reasonably fresh and 
was found half way down the 
beach on an out-going tide. 
Realising that the bird could be an 
important find they contacted the 
Western Australian Museum and 
arranged to have it frozen and air 
freighted to Perth. Although just 
beginning to decay the bird was 
injected with formalin and pre¬ 
pared into a mummified specimen 
(registered number A26021) and 
identified on plumage character¬ 
istics as an adult male Blue and 
White Flycatcher Ficedula cyano- 
melana cyanome(cma(Temminck). 


DESCRIPTION 

Adult male (based on specimen). 

Forehead and crown bright blue or 
glossy blue; lore black; hindneck, 
back and rump purplish blue with 
bases of feathers black. Median 
upperwing coverts bright glossy 
blue, rest of wings black the outer 
webs of most feathers blue. Central 


tail feathers black at base becoming 
dark blue distally; outer feathers 
white basally, black distally with 
blue outer web. Lores, cheeks, sides 
of neck, chin, throat and upper 
breast and flanks black; lower 
breast, belly and undertail coverts 
white. When viewed from below 
the tail looks white, with a sharply 
defined, broad black tip. Entire 
underwing blackish. Bill and legs 
black; colour of eye not noted but 
given in literature as dark brown 
(Figure 1). Total length 169 mm; 
weight 17.5 g; entire culmen 18.0 
mm, exposed culmen 11.5 mm ; 
culmen width 6.5 mm, depth 4.2 
mm; wing 96 mm; tail 65 mm; 
tarsus 17 mm, depth 4.2 mm; middle 
toe and claw 17 mm. 

Adult female differs from male in 
having the upperparts olive brown, 
with rufous brown rump and 
upper tail coverts; tail dark brown, 
each feather with a rufous brown 
edge. Lores and eye ring buffy 
brown. Cheeks and side of neck 
olive brown. Chin and throat 
whitish brown. Upper breast and 
flanks a somewhat huffier shade of 
olive brown. Belly and undertail 
coverts white (Meyer De Schauensee 
1984, LaTouche 1925) (Figure 1). 
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Figure 1. Plumages of the Blue and White Flycatcher Ficedula c. cyanomelana also showing 
details of the bill and tail from above. 







Immature (first winter) male similar 
to female except for blue on the 
wings, rump and tail. These latter 
areas virtually as adult male, and 
some blue showing in the scapulars 
(Figure 1). 


DISTRIBUTION 

The nominate subspecies breeds in 
Japan and Korea, arriving in April 
and departing in October. It 
migrates south through the 
Japanese Islands, the Ryukyus, 
Seven Islands, Bonins and eastern 
China to South-East Asia, Philip¬ 
pines and Greater Sundas. It is a 
regular winter visitor up to 1400 m 
to north Borneo and less commonly 
elsewhere in Borneo. On Sumatra 
and west Java it is a rare winter 
visitor to sub-montane forests up to 
1200 m (MacKinnon and Phillips 
1993). It is not yet recorded on the 
Lesser Sunda Islands. 


SUBSPECIES 

The subspecies F.c. cumatilis breeds 
further west than the nominate 
form, extending to Manchuria, 
northern China and normally 
winters in lndo China, Malay 
Peninsula and Greater Sundas 
(where it is the more common 
subspecies). 

Adult males of F.c. cumatilis are 
distinguishable from the nominate 
form in having the dark (slightly 
purplish) blue of the upperparts 
replaced by dull greenish blue, and 
the black on the sides of the face/ 
breast etc. replaced by dark dull 
greenish blue (LaTouche 1925). 
Although typical males are dis¬ 
tinguishable in the field, it should 


be noted that intermediate forms 
have been recorded from the 
overlap zone, these previously 
named F.c. intermedia. Female 
cumatilis closely resemble the 
nominate form, being only slightly 
darker and would not be dis¬ 
tinguishable in the field. 


SIMILAR SPECIES 

Adult male and first year male Blue 
and White Flycatchers are quite 
distinctive and should not be 
confused with any Australian 
species. The females would be easily 
recognised as a ‘flycatcher and with 
careful observation should also not 
be confused with any local species. 
Difficulties of identification arise 
mainly with other Asian species 
that may also occur here as vagrants 
namely the Siberian Blue Robin 
(Luscina cyane) and the White-tailed 
Flycatcher ( Cyornis concreta). 

Despite the strikingly bi-coloured 
tail pattern of the adult male Blue 
and White Flycatcher, this can be 
difficult to see (except in flight) as 
the longest upper tail coverts and 
the relatively long wings often 
cover the white basal area. The bold 
tail pattern is often more con¬ 
spicuous from below. The dull 
female on the other hand can be 
easily confused with several Asian 
species. 

The Siberian Blue Robin also 
migrates to South-East Asia and the 
Greater Sundas. It resembles the 
Blue and White Flycatcher in 
virtually all plumages. The adult 
male is blue (although of a darker 
shade), but lacks the brighter blue 
forehead and wing coverts and the 
white base to the outer tail feathers. 
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Flycatcher. 


The central areas of the otherwise 
black chin, throat and breast etc are 
white, this joining up with the 
white belly. First year females are 
similar to female Blue and White 
Flycatchers but lack the rufous 
tone to the rump and upper tail 


coverts, have rather scaly markings 
on the breast and show a broken 
bar across the wing (formed by the 
buffy tips of the greater wing 
coverts). Older females have the 
rump, upper tail coverts and tail 
blue, but differ from first winter 


47 


Blue and White Flycatchers in 
having the wings and scapulars 
brown. First winter males are 
somewhat intermediate between 
adult male and older females, being 
rather similar to the corresponding 
stage of the Blue and White 
Flycatcher, but again they lack any 
white in the tail, and have the 
greater wing coverts tipped with 
buff. At all stages this robin can be 
distinguished by its smaller size (14- 
15 cm) and by its pale fleshy pink 
legs. 

The White-tailed Flycatcher differs 
in having in both the blue (male) 
and brown (female) plumages the 
white of the outer tail feathers 
extending to the tip. Also the male 
lacks the black face/throat/breast 
and the female has a distinctive 
white patch on the mid breast. 
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NOTES ON THE DIET OF VARANUS QOULDII IN A 
SEMI-URBAN ENVIRONMENT 


By G.G. THOMPSON. 

Edith Cowan University, Joondalup Drive, Joondalup, W.A., 6027. 


INTRODUCTION 

Varanus gouldii is a medium-sized 
monitor that is widely distributed 
throughout the Australian main¬ 
land (Cogger 1992) and is occasion¬ 
ally found in urban situations 
(Storr 1980). Shine (1986) and Pianka 
(1970, 1986, 1994) report the largest 
proportion by volume of V. gouldii 
diet to consist of lizards and 
mammals, whereas Pengilley (1981) 
reports V. gouldii eating a high 
proportion of invertebrates. 

This paper reports on the stomach 
contents of V. gouldii caught in a 
section of Karrakatta Cemetery in 
the metropolitan area of Perth, and 
compares these data with those of 
Pianka (1982) and Shine (1986). 


MATERIALS AND METHODS 

Stomach contents of the 57 live V. 
gouldii (178-515 g) from Karrakatta 
Cemetery (115°47’E, 31°55*S) were 
obtained by flushing, using a 
technique similar to that reported 
by Legler and Sullivan (1979) 
between 19 October and 19 
November 1990, and 17 October and 
30 December 1992. Of the twenty V. 
gouldii caught during 1990, seven 
were recaptures and of the 37 
caught in 1992, fifteen were 
recaptures. Gut contents were 


stored in a 10% solution of 
methanol. 

The vegetation of Karrakatta 
Cemetery includes peppermint 
gums, callistemons, box gums, 
camphor-laurels, ghost gums, 
wandoos, flooded gums and 
jacarandas. Leaf litter has been 
allowed to accumulate in some 
areas around the graves. In the 
adjacent nature reserve there was a 
substantial ground cover of 
indigenous and non-indigenous 
grasses and leaf litter. V. gouldii have 
been observed to forage in the leaf 
litter between grave covers, under 
trees and shrubs and under grave 
covers (Thompson, in press). 


RESULTS 

Of the 57 stomachs flushed, only 46 
yielded material able to be 
identified, either because of its size 
or degree of digestion (Table 1). The 
mole cricket ( Gryllotalpidae sp.; 93 
individual specimens) was the main 
food source of those V. gouldii 
captured, with 65 complete or near 
complete bodies and a further 28 
head capsules being identified. The 
next most predominant food 
sources were spiders and larvae. A 
smaller number of centipedes, 
lizards, beetles and roaches were also 
identified in the gut contents. 
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Although it is not possible to 
statistically determine if there was a 
significant difference between the 
stomach contents of V. gouldii 
collected in northern Australia 
(Shine 1986), in central inland 
Western Australia (Pianka 1982) and 
Karrakatta Cemetery, a perusal of 
Table 1 would suggest that there 
was a difference. The V. gouldii 
reported by Pianka (1982) have a 
higher proportion of reptiles and 
reptile eggs compared with those at 
Karrakatta Cemetery and probably 
those in northern Australia. A 
relatively large number of beetles 
and grasshoppers are evident in 
both Shine's (1986) and Pianka’s 
(1982) samples compared with those 
from Karrakatta Cemetery. The 
northern Australian V. gouldii have 
a relatively large number of 
unidentified invertebrate larvae in 
their stomach. 


DISCUSSION 

Pianka (1970, 1982, 1994) and Shine 
(1986) examined the gut contents of 
V. gouldii found in two different 
parts of Australia (arid deserts and 
northern tropics) and report the 
largest proportion, by volume, of 
their diet consisted of lizards and 
mammals. A considerable portion of 
the remainder was invertebrate 
material. Berney (1936) reports V. 
gouldii eating five newly laid 'fowl' 
eggs without breaking a single egg. 
Numerous V. gouldii (and V. 
panoptes) along the road verge from 
Paynes Find to Sandstone, in 
Western Australia, have been 
observed eating carrion, a finding 
similar to that of Bennett (1992) for 
V. panoptes. In contrast, Pengilley 
(1981) found the diet of V. gouldii on 


the Barkly Tablelands, Northern 
Territory, to consist of a high 
proportion of invertebrates, the 
majority being mole crickets which 
is similar to that found in the gut 
contents of V. gouldii at Karrakatta 
Cemetery. 

The V. gouldii at the cemetery were 
often observed from a distance 
moving slowly and steadily 
through leaf litter using their snout 
to turn and move the ground flora, 
obviously searching for food. There 
was no evidence to suggest V. gouldii 
in Karrakatta Cemetery fed on any 
of the available larger vertebrate 
prey other than rats and perhaps 
the rainbow bee-eater or its eggs. On 
one occasion late in December 1993, 
a rat (Rattus rattus ) was found that 
appeared to have been recently 
regurgitated, presumably by a V. 
gouldii, as this was the only spoor in 
the sand in the vicinity. Two 
rainbow bee-eater (Merops ornatus) 
ground-nests were found to have 
been partially dug up by what 
appeared to be a large V. gouldii , 
based on the spoor in the area. 
Other potential prey included 
smaller V. gouldii , of which only 
seven with a body mass less than 50 
g have been seen between October 
1990 and January 1994 and tree¬ 
nesting birds (parrots and the 
redwattle birds). One V. gouldii 
stomach contained rabbit 
(Oryctolagus cuniculus) hair, but there 
was no other evidence in its gut 
contents to suggest that the lizard 
had actually eaten parts of a rabbit. 
As there were a number of rabbits 
living under the grave coverings it 
is thought that this lizard had 
picked up the hair in its foraging. 

V. gouldii has not previously been 
recorded as eating gastropods, but 
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Table 1. The number of recognisable food items in the stomachs of V.gouldii 


No specimens examined 

No without scat or stomach 
contents 

Karrakatta 

Cemetery 

57 

11 

Pianka 1982 

86 

23 

Shine 1986 

30 

PREY TYPE 




INVERTEBRATES 




Scolopendrida (centipedes) 

5 

8 


Araneae (spiders) 

10 

15 

11 

Scorpion ida (scorpions) 


9 

11 

Hymenoptera (wasps) 


1 

5 

Orthoptera (grasshoppers) 

95 

28 

52 

Blattodea (cockroaches) 

4 

10 


Phasmatodea (phasmids) 


1 


Coleoptera (beetles) 

4 

48 

41 

Lepidptera (moths) 

3 

2 


Larvae 

8 

11 

175 

Dermaptera (earwig) 

1 



Hemiptera (bugs) 



1 

(snails) 

2 



(crabs) 



1 

Unidentified invertebrates 


9 

3 

VERTEBRATES 




Lizards 

5 

38 

12 

Snakes 



1 

Reptile eggs 

3 

96 

26 

Frogs 



7 

Fish 



3 

Birds 


2 


Mammals 


1 

3 

Unidentified vertebrates 


6 



the diets V. olivaceus, V. niloticus, V. 
griseus, and V. salvator have been 
reported to contain snails 
(Auffenberg 1988; Lonnberg 1903 in 
Losos and Greene 1988; Stanner and 
Mendelssohn 1986/87; Gaulke 1991). 
If molluscs are eaten regularly, then 
they could provide a significant 
proportion of the diet for V. gouldii 
in Karrakatta Cemetery due to their 
abundance and in the southern 
coastal plains of Western Australia 


where they are also readily available 
in many areas. The stomach 
contents of V. gouldii probably 
reflect a greater abundance of 
invertebrate prey compared with 
vertebrate prey items. 

The feeding behaviour of V. gouldii 
at Karrakatta Cemetery was, as 
concluded by Shine (1986), Losos 
and Greene (1988) and James et al 
(1992) for most varanids, an 
opportunistic one that exploits 
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whatever local food sources are 
available. Varanids have prodigious 
stomach capacities relative to their 
body size, enabling them to devour 
large items of prey when available. 
For example, an 11 g V. caudolineatus 
in captivity was seen to subdue and 
devour a 4 g gecko, a prey greater 
than one third of its body mass and 
Fleay (1950) reported a 20.4 kg V. 
varius regurgitating four fox cubs, 
three young rabbits and three large 
blue tongued lizards. 

Jaw size of a varanid appears to 
determine the maximum size of 
prey able to be swallowed whole 
(Loop 1974: Pianka 1994: pers. obs.). 
Large bodied varanids will tend to 
eat prey that are both absolutely 
and proportionally larger (Losos and 
Greene 1988) and most probably 
vertebrates (Auffenberg 1981; 
Weavers 1989). The limiting factors 
in what many varanids eat appears 
to be what the lizard is able to 
locate, subdue and devour. It may 
be more efficient for large varanids 
to capture a small number of 
relatively large prey items; however, 
if large prey are not abundant as 
was the situation at Karrakatta 
Cemetery, then these V. gouldii and 
probably most other medium-sized 
varanids survive on a large number 
of much smaller items (Pengilley 
1981). This study confirms the point 
of both Losos and Greene (1988) and 
Gaulke (1991) that there is often a 
lack of correlation between varanid 
food size and body size (mass). 

Pough (1973) stated that insectivory 
was not an energetically feasible 
alternative for lizards with a mass 
greater than 300 g. Many of the V. 
gouldii from which stomach 
contents were flushed had a body 
mass greater than 300 g, indicating 


that these data, along with similar 
dietary information for V. 
exanthematicus (Cisse 1972) and V. 
gouldii (Pengilley 1981) do not 
support the hypothesis of Pough 
(1973). 

From mid-October, ‘ Zo ’ shaped 
holes, with the top of the hole 
abutting a spider's hole, were often 
seen in the areas foraged by these 
lizards at Karrakatta Cemetery. 
Similar shaped holes have 
previously been found in the red- 
loamy soil of Atley Station, Western 
Australia, where V. gouldii have been 
observed excavating spiders from 
their holes. It is presumed that V. 
gouldii have dug these holes at 
Karrakatta Cemetery searching for 
invertebrate prey. 

CONCLUSION 

My data provides further support 
for the views of Shine (1986), Losos 
and Greene (1988), Thompson and 
King (1995) that the diets of 
varanids vary significantly with 
locality, and time of the year. Many 
varanids from Australian desert 
habitats feed predominantly on 
lizards (e.g., V. eremius, V. gouldii, V. 
tristis, Pianka 1986, 1994), which 
reflects the diversity and abund¬ 
ance of lizards in these localities 
(Pianka 1986; Morton and James 
1988), and as would be expected, 
semi-aquatic varanids' (V. semiremex, 
V. mitchdli, V. mertensi) diets contain 
predominantly aquatic prey (Shine 
1986; James et al. 1992). King ct al. 
(1989) report V. giganteus on Barrow 
Island feed mainly on turtle eggs 
and hatchlings, and small-to- 
medium sized mammals, whereas 
James et al. (1992) report the stomach 
contents of six V. giganteus from 
museum collections to contain 
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mainly lizards, orthopterans, 
chilopods and mammals. It would 
be inap-propriate to draw con¬ 
clusions about the diet, and the 
derived ecological information, for a 
varanid at a particular location 
from museum specimens unless 
they came from the same location. 
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THE SEARCH FOR ERIOSTEMON FALCATUS, A 
PRESUMED EXTINCT SPECIES FROM SOUTHERN 
WESTERN AUSTRALIA 


By FRANS H. MOLLEMANS 
P.O. Box 3055, Kailua-Kona, Hawaii 96745 USA. 


ABSTRACT 

Problems were encountered during attempts to relocate the 
presumed extinct Eriostemon falcatus in southern Western 
Australia. These have clouded search efforts which it seems 
sensible to clarify. 


INTRODUCTION 

Since 1990, I have maintained an 
interest in the presumed extinct 
Eriostemon falcatus, because of the 
discovery in that year of two related 
taxa (see Mollemans 1993), and have 
carried out privately funded 
research in attempts to relocate the 
species. This note details one aspect 
of the search which has been a 
distraction, i.e the problem of 
whether two populations or just 
one existed in the past or possibly 
even still exist. It is important to 
settle this issue. 


DISCUSSION 

In October 1931, W.E. Blackall 
collected a small, white flowered 
compact 6-10 inch shrub (Blackall 
917: PERTH), which he first 
determined as Eristemon (sic) 
deformis, then E. sp. nov . and then E. 
brevifolius, at 17 miles (27.2 


kilometres) from Southern Cross on 
the road to the “Miners' Settlement” 
(= “17 miles ditto”: W.E. Blackall Field 
Notes: PERTH); Blackall's notes are 
not clear on the “Miners' Settle¬ 
ment” locality, but it is known to be 
near Yellowdine. Wilson (1970) 
described Eriostemon falcatus from 
the Blackall collection, with the 
specific epithet falcatus in reference 
to the sickle-shaped leaves. 

Although searched for at the type 
locality “near Yellowdine” and 
elsewhere, E. falcatus has not been 
recorded again since 1931, i.e. for at 
least 50 years, which resulted in it 
being presumed extinct (Leigh ec al 
1981, Briggs and Leigh 1988). The 
Endangered Flora Consultative 
Committee, which recommends 
species for gazettal to the 
Environment Minister (Anon 1993), 
after the required searches have 
been made, considered gazettal of E. 
falcatus as a presumed extinct 
species in 1991 and took account of 
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the three unsuccessful searches I 
had made near Yellowdine during 
Merredin District rare and 
endangered flora investigations in 
1990 (see Mollemans et ai 1993) 
before recommending gazettal. E. 
falcatus was gazetted as presumed 
extinct in 1991. 

The first issue needing clarification 
is whether two or one populations 
existed in the past or still exist. 
Hopper et ai (1990) recorded the type 
locality as Yellowdine, but also 
referred to the possibility of a 
collection from north of Salmon 
Gums, as did Marchant and 
Keighery (1979) when they reported 
two known specimens and 
considered E. falcatus poorly 
collected (their Category D). 

Wilson (pers. comm.) discounted the 
Salmon gums record and suggested 
(and see his notes, Blackall 
collection herbarium sheet, PERTH) 
that a piece of the specimen from 
the type locality dropped from the 
plant press, was discovered, and was 
put back in the wrong place. This is 
supported by Blackall’s field notes 
which don't record a second 
collection of the same E ristemon, 
and he seems to have been quite 
meticulous in recording his 
collections from the October, 1931 
field trip. The two specimens are 
identical in characteristics, so 
Wilson’s suggestion is plausible, but 
unless Blackall himself made this 
suggestion, it is difficult to judge, as 
Eremophila interstans (S. Moore) Diels 
(R.J. Chinnock, pers. comm.) and 
Eriostemon linearis Cunn. ex Endl. 
(Mollemans, unpubl. data) col¬ 
lections, for example, from eastern 
and western Australia populations 
are also identical in characteristics, 
leaving the possibility, however 


small, of the specimens being from 
different populations. 

Hopper et ai (1990) and Marchant 
and Keighery (1979) appear to agree, 
as their publications post-date 
Wilson's (1970) revisionary studies in 
which E. falcatus was described. 
However, logic would suggest it 
highly improbable that both 
populations could only have been 
collected once, within a week or so 
of each other, in the same field trip, 
by the same collector, in October 
1931, and not be collected from since. 
No other similar occurrences are 
known to me. 

On this basis, persistence of the 
record of E. falcatus from north of 
Salmon Gums seems unwarranted, 
and should be eliminated. Its 
persistence (as recently as 1990) has 
been unfortunate as it has clouded 
the search. E. falcatus should 
therefore be considered to have 
been recorded only from the type 
locality near Yellowdine, which in 
itself is problematic as Blackall’s 
field notes are vague as to the 
precise collection locality, leading to 
several different interpretations 
(Wilson 1970; Marchant and 
Keighery 1979, Leigh et ai 1981, Leigh 
et ai 1984, Hopper et ai 1990). This 
aspect requires further discussion. 
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A lizard and snake census on atley station 


By G.G. THOMPSON. 

Edith Cowan UniversityJoondalup Drive, Joondalup, W.A., 6027. 


introduction 

During 1966 and 1967 E.R. and H.D. 
Pianka spent 35 days collecting 
reptiles at a site on Atley Station, 
approximately 50 km S\V of Sand¬ 
stone in Western Australia. They 
caught 648 lizards from 28 species 
(Pianka 1986) and eight snakes from 
six species (E.R. Pianka, pers. comm.). 
During 1991, sixty pit-traps were 
installed approximately 5 km east 
of the collection site used by Pianka 
(site ‘A’; 1986). A comparison of the 
number of species of lizards and 
snakes caught during these two 
investigations approximately 25 
years apart is reported. 


MATERIALS AND METHODS 

Sixty 20 litre plastic buckets were 
installed as pit-traps with 5 m of 
300 mm high fly-wire drift-fencing 
between 22 and 25 November 1991 
on a section of Atley Station ap¬ 
proximately 2 km East of Zado Bore 
(119°07'E, 28°25'S; 55 km SW of 
Sandstone). The pit-traps were laid 
in 10 rows of 6, with approximately 
50 m between rows and 30 m 
between pit-traps in each row. This 
site is approximately 5 km east of 
where E.R. and H.D. Pianka 
collected lizards over a 35 day period 
during 1966 and 1967. 

The study site has red loamy soils 


which support a vegetation 
consisting mainly of patches of 
spinifex (Triodia sp.) grasses and 
small trees. The trees are pre¬ 
dominantly mulga (Acacia aneura 
and Acacia craspedocarpa) with a 
lesser number of mallee eucalypts 
(Eucalyptus spp.). The topography of 
Pianka’s site and the site in this 
study are the same. The Station 
owner indicated that neither area 
had been burnt in the last 50 years. 

The pit-traps were inspected every 
morning (0700 to 0900 h) and every 
afternoon (1500 to 1700 h) from the 
22 to 30 September and 24 
November to 14 December 1991. All 
lizards caught in pit-traps had their 
snout-to-vent (SVL) and total 
length (TL) measured. Toes were 
clipped to enable individual 
identification of those recaptured. 
Marsupial mice caught in pit-traps 
had notches cut in their ears for 
later identification if recaptured. 
Other than the small number of 
animals that died in the pit-traps, 
all were released near the point of 
capture. 

E.R. Pianka (pers. comm.) reports 
catching his specimens using a wide 
variety of methods including 
extracting them from hollow trees 
and burrows, shooting them with 
.22 birdshot and catching them in 
spinifex tussocks, leaf litter and 
under fallen logs. 
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RESULTS AND DISCUSSION 

A comparison of species and the 
total number of reptiles caught on 
the two occasions by the two 
different methods is shown in Table 
1. Failure to capture Delma fraseri 
and Diplodactylus elderi in pit-traps 
was possibly due to their scarcity 
and their preference for staying 
inside large tussocks of spinifex. 
Heteronotia binoei is difficult to 
catch and is usually collected deep 
in burrows or underneath rotting 
logs, Lialis burtonis is uncommon 
and M orethia butleri is an exceed¬ 
ingly cryptic litter dweller (E.R. 
Pianka, pers. comm.). Large Varanus 
gouldii and Pseudechis australis easily 
climb out of the 20 litre buckets. It 
is suspected that the adult Varanus 
eremius may also be able to jump out 
of 20 litre bucket pit-traps or are 
very "pit-shy". Local station owners 
indicated that Moloch horridus are 
seen irregularly throughout the 
area. 


Cryptoblepharus plagiocephalus was 
caught in September but not in the 
November-December period while 
the seven Diplodactylus strophurus 
were caught only in the November- 
December period. 

The cumulative number of species 
caught over the thirty day pit¬ 
trapping period is indicated in 
Figure 1. As would be expected most 
of the species that were in the area 
were caught in the first 10 days of 
pit-trapping and it is only the scarce 
species that were caught in small 
numbers after an extended period 
of time. Interestingly, James (1994) 
reports catching 32 species in 30 
days of pit-trapping using 12 arrays 
with 17 similar plastic buckets as pit- 
traps in each array at his study site 
south of Alice Springs in central 
Australia. He subsequently went on 
to catch 39 species after 180 days of 
pit-trapping. This would suggest 
that additional pit-trapping at the 
Atley site over an extended period 



1 6 11 16 21 26 31 


Number of pit-trapping days (times 60) 

Figure 1 . Cumulative number of species caught in pit-traps on Atley Station. 
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Table 1. Lizard and snake census of the Atley site. 


SPECIES 

PIANKA1966 

1991 STUDY 

LIZARDS 

Caimanops ajnphiboluroides 

13 

* 

Cryptoblepharus plagiocephalus 

24 

2 

Ctenophorus inermis 

47 

7 

Ctenophorus scutulatus 

74 

* 

Ctenotus atlas 

23 

5 

Ctenotus grandis 

7 

* 

Ctenotus leonhardii 

86 

31 

Ctenotus pantherinus 

5 

0 

Ctenotus schomburgkii 

53 

91 

Delma fraseri 

8 

0 

Diplodactylus elderi 

12 

0 

Diplodactylus granariensis rex 

0 

5 

Diplodactylus pulcher 

16 

5 

Diplodactylus squarrosus 

0 

1 

Diplodactylus strophurus 

30 

7 

Egernia depressa 

12 

4 

Egernia inornata 

10 

3 

Gehyra variegata 

32 

1 

Hctcronotia binoei 

6 

0 

Lcrista m. macropisthopus 

0 

4 

Lerista muellcri 

3 

3 

Lialis burtonis 

1 

0 

M enetia greyii 

3 

7 

Moloch horridus 

3 

1 

M orethia butleri 

6 

0 

Pogona minor 

14 

1 

Rhynchoedura ornata 

132 

29 

Varanus caudolineatus 

12 

7 

Varanus eremius 

13 

* 

Varanus gouldii 

2 

* 

Varanus tristis 

1 

# 

SNAKES. 

Pseudechis australis 

2 

* 

Pseudonaja modesta 

2 

* 

Ramphotyphlops bituberculatus? 

1 

0 

Ramphotyphlops hamatus 

0 

4 

Ramphotyphlops sp. 

1 

0 

Rhinoplocephalus monachus 

1 

0 

Vermicella bertholdi 

0 

1 

Vermicella semifasciata 

1 

2 

MARSUPIAL MICE. 

Sminthopsis crassicaudata 


5 

Sminthopsis youngsoni 


20 

Unidentified marsupial mouse 


1 

* seen or caught but not in the pit-traps 

* tracks seen 




61 








would probably yield a higher 
number of species, however, many 
extra pit-trapping days would be 
required for a small increase in the 
number of species. 

Pianka (1989) suggests the Earth's 
most diverse lizard fauna occurs in 
the Great Victoria Desert of 
Western Australia with at least 39- 
42 different species, and perhaps as 
many as 50 species, occurring 
sympatrically. This is in contrast to 
only 6-17 sympatric species found 
in the North American and 
Kalahari semi-deserts. Although 
Pianka’s (1986) 'L' site is reasonably 
homogenous with large marble 
gum eucalypts trees, spinifex and 
scattered bushes, his ‘R’ or ‘Reds 
Sands' site consists of a complex 
mosaic of sandridges and interdunal 
flats with a vegetation of spinifex 
(Triodia basedowii), marble gum 
eucalypts ( Eucalypts gongylocarpa), 
mallee (Eucalypts comcinna) and 
acacia bushes (Acacia aneura and 
Acacia craspcdocarpa ). James (1994) 
reports capturing 40 species of 
lizards in a 50 ha site of spinifex 
grassland on a dune-swale system, 
40 km south of Alice Springs, 
Australia. The 31 species of lizards 
and eight species of snakes captured 
at Atley Station were in two small, 
very homogeneous areas (less than 
one square kilometre) during a 
period of less than 35 days by Pianka 
and 30 days by myself. 

Morton and James (1988), Pianka 
(1989) and James (1994) suggest there 
are a wide range of climatic, edaphic 
and biotic factors that contribute to 
the diversity and abundance of 
desert lizards in Australia. Morton 
and James (1988) suggest that the 
primary factors are the un¬ 
predictable precipitation and 


nutrient-poor soils, the low and 
erratic primary productivity and 
the unique physical structure of 
the spinifex grasses, the abundance 
of termite fauna and the fire 
succession-cycle that contributes to 
the high diversity. Pianka (1989, 
1992a, b) suggests the disturbance 
resulting from the fire-succession 
cycle and the spinifex habitat are 
probably the most important 
factors that contribute to the high 
lizard diversity in semi-arid and arid 
areas of Australia. Spinifex was 
much more sparse at both Atley 
sites than at Pianka's Great Victoria 
Desert sites and the station owner 
indicted that the area I pit-trapped 
had not been burnt for at least 50 
years. This might suggest that 
factors other than spinifex and fires 
are the major contributors to the 
abundance and diversity of lizards 
on Atley Station. 
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RE-DISCOVERY OF SCHOENUS NATANS (CYPERACEAE) 


By GREG KEIGHERY 

Department of Conservation and Land Management, P.O. Box 51, 
Wanneroo, Western Australia, 6065. 

and BRONWEN KEIGHERY 
224 Hamersley Road, Subiaco, Western Australia, 6008. 


INTRODUCTION 

The sedge Schoenus natans (F. Muell.) 
Benth. has only been collected 
twice. The first being an undated 
Drummond collection, without a 
precise locality, that forms the type 
collection. The othe r is a 1911 
collection from the Cannington 
area. The species has been listed as 
presumed extinct with little hope 
of re-discovery (Leigh, Boden and 
Briggs, 1984) as the eastern side of 
the Swan Coastal Plain (where 
Cannington is located) is largely 
urbanised or cleared for farming. 
Numerous attempts to relocate the 
species have been unsuccessful. 
During preliminary survey of an 
area of remnant bushland south of 
Pinjarra as part of a study of the 
floristics of the Swan Coastal Plain 
(Gibson et al, 1994) from Gingin to 
Dunsborough, an unusual sedge 
was located. This species was 
growing in shallow freshwater pools 
amongst areas of burnt Melaleuca 
shrubland. Upon close examination 
these plants proved to be Schoenus 
natans . The site was re-visited several 
times to gather further information 
on the habitat and biology of this 
unusual sedge. 


BIOLOGICAL OBSERVATIONS 

The habitat for Schoenus natans at 
this site is low open shrubland of 
Melaleuca viminea, over L eptocarpus 
canus and L eptocarpus co-angustatus 
Sedgeland. Within this vegetation 
type are shallow pools (5-20 cm. 
deep) with a grey brown clay base. 
The pools fill by rain in early winter 
(May to July), and the Schoenus ger¬ 
minates in this period. By spring 
(August to September) the pools 
support a diverse assemblage of 
aquatics usually including Schoenus 
natans, Aponogeton hexatepalus , Isoetes 
drummondii, Triglochin procera, 
Villarsia submersa, Callitriche 
harnulata (a new record for the Swan 
Coastal Plain, and the Perth region), 
and Callitriche stagnalis. Thus the 
area contains two species of de¬ 
clared rare flora in these ponds 
(Aponogeton hexatepalus and Schoenus 
natans). The whole area of remnant 
bushland, though small contains 
another species of rare flora 
(Centrolepis caespitosa) and 435 (380 
natives) species of vascular plants 
(Keighery, et al., 1994) in total. This 
illustrates like Brixton Street, with 
over 372 (308 natives) species in a 
smaller area of 19 hectares (Keighery 
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Figure 1 . Schoenus natans; A, Inflorescence at female stage; B, Inflorescence at male stage; C, 
Transverse section of a mature stamen showing pollen release; D, Stem of mature plant; E, 
Mature fruits. Scale Bar = 1 mm. 
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and Keighery, 1995), the incredibly 
high species diversity of the 
ephemeral wetlands of the eastern 
side of the Swan Coastal Plain, 
nearly all of which have been lost to 
agricultural and urban develop¬ 
ment. 

The habitat is similar to the pools 
present at Brixton Street (Keighery 
and Keighery, 1991). These pools also 
fill by winter rains, but they have 
an overstory of low open Melaleuca 
lateritia and contain A ponogeton 
hexatepalus , Hydrocotyle lemnoides, 
lsoetes drummondii as the common 
spring aquatics, with Villarsia 
submersa and Triglochin procera 
being rarely recorded. Schoenus 
natans is not known from here. 

Schoenus natans is an annual aquatic, 
much branched, from a single basal 
stem (Figure 1). Many hundreds of 
plants are found in each of the large 
shallow pools usually in dappled 
shade of full sun that are the 
preferred habitat. The numerous 
stems reach the surface of the water, 
but do not emerge and lie just 
below the water surface forming a 
dense intertwined mat. Inflor¬ 
escences are produced at the ends of 
stems during Spring (from 
September to October), as the ponds 
reach maximum depth. The 
inflorescences float on the water 
surface and produce stigmas, then 
stamens above the water to enable 
wind pollination to occur (Figure 1, 
A and B). Because of the dense 
nature of the populations cross 
pollination can occur over very 
short distances. The resulting fruits 
are held on the plant, until mature 
when the pedicel decays. They then 
sink to the bottom and settle in the 
drying mud as summer approaches. 


Plants die as the pools dry. If late 
rains re-fill the pools the high water 
temperatures seem to ensure that 
plants are moribund by late 
November. The pools contained 
water till late December in 1995, but 
all plants were dead by December 1. 
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VEGETATION IN RELATION TO SUBSTRATE AT JOHN 
FORREST NATIONAL PARK, WESTERN AUSTRALIA 


By W. FOULDS 

Edith Cowan University, Churchlands Campus, Pearson St., 
Churchlands 6018 


and J. PARSONS 
5 Percy Road, Bayswater, 6053. 


ABSTRACT 

John Forrest National Park is dominated by an open forest of 
Jarrah (Eucalyptus marginata) on nutrient poor laterite with 
numerous granite outcrops which are surrounded by a mosaic of 
vegetation on a nutrient depleted skeletal soil. On the slopes are 
stands of Wandoo (E. wandoo) woodland confined to epidiorite 
(dolerite) dykes which form a dark red, relatively nutrient rich, 
shallow soil. The granite outcrop vegetation is the richest of a 
generally species poor, but weed free, forest area. Proteaceae is the 
family best representated in the Park’s flora. 


INTRODUCTION 

John Forrest National Park (M21) 
was the first Western Australian 
National Park (created 1900) though 
it was originally known as 
Greenmount National Park but 
changed to its present name in 1928. 
It is located on the crest of the 
Darling Range escarpment 25km 
east of Perth, north of the Great 
Eastern Highway, Western Aus¬ 
tralia and consisits of several steep 
gradient hills and ridges. The Park is 
“reserved" for Parks and Recreation 
under the Metropolitan Region 
Scheme, as part of a system of 
“reserved" land extending through 
Greenmount to Helena Valley 
(M34). In 1992 it was vested in the 
National Park and Nature Con¬ 


servation Authority managed by 
the department of Conservation 
and Land Management and 
extended to include the northern 
section and now occupies an area of 
2676 hectares. 

The National Park is composed of 
predominantly laterite soils carry¬ 
ing open forest and woodland of 
Jarrah (Eucalyptus marginata) and 
Marri (E. calophylla ). Wandoo (E. 
wandoo) pre-dominates in epi- 
dioritic (doleritic) soil with a few 
small Jarrah and Marri, present as 
dyke intrusions that occur 
frequently in the granite and gneiss, 
representing 15% of the basement 
material (Malcahy, 1980). The 
skeletal soils of the granite outcrops 
consist of variable and complex soil 
associations. 
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Figure 1. Plan of John Forrest National Park and location of study areas. (D=dolerite, 
G=granite outcrop, L=laterite). 
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Figure 2. Number of woody and herbaceous plant species in flower each month (hatched 
= woody, open = herbaceous). 


The recent extension to the north 
of the Park is dissected by several 
winter creeks. It carries Jarrah, Marri 
and Wandoo with extensive areas 
of scarp vegetation around granite 
outcrops containing stands of Rock 
Sheoak (A llocasuarina fraseriana) on 
Red Hill. 

Within the park the scarp flora is 
generally poorly represented (Beard, 
1981). The north-western Jarrah 


forest consists of a xerosere from 
high forest on deep soils to mosses 
and lichens on granite outcrops 
(Speck, 1958). Williams (1932, 1945) 
surveyed a strongly dissected area 
near John Forrest N.P. and described 
several associations and consoci¬ 
ations, the latter consisting of single 
tree dominated communities. These 
consociations included Jarrah, Marri, 
Wandoo and Blackbutt ( Eucalyptus 
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Table 1. Total number of species and number of species 500m 2 (brackets). 



Shrubs & 
Trees 

Introduced 

herbs 

Native 

herbs 

Total 


Laterite 

77 (26) 

4(1) 

51 (140 

132 (41) 


Dolerite 

48 (22) 

6(2) 

25(13) 

79 (37) 


Granite 

51(32) 

5(3) 

43(30) 

99 (65) 


TOTAL 

122 

12 

79 

213 



patens). These were related to 
underlying soils/rocks. However, he 
concluded that the units were too 
heterogeneous to be described as 
associations in the narrow sense but 
better described as edaphic 
complexes. 

Williams (1945) concluded that 
plant communities were indicative 
of soil conditions but that 
individual tree species, and in 
particular individual shrub species 
were of limited value for this 
purpose. The species complex of the 
lateritic uplands differed markedly 
from the species complex of the 
dissected landscape and the soils 
derived from granite and dolerite as 
well as the moist alluvium areas. 
There were distinct species associ¬ 
ated with the granitic and doleritic 
soils eg., Allocasuarina huegeliana and 
E. ivandoo respectively. E. patens was 
indicative of the moist valley loams 
but many species failed to show any 
edaphic preferences. 

A detailed study of the understorey 
floristics of the Jarrah forest in the 
Darling Range has shown the 
feasibility of using plant indicators 
to define site conditions (Havel, 
1975). Although the vegetation and 
the associated environmental 
factors formed a complex con¬ 
tinuum it was possible to define 
vegetation types (segments) in terms 


of composition, structure and 
environmental features. 

A flowering calendar constructed 
by Armstrong and Muir (1994) for 
587 plant species found in the park 
showed a flowering peak in the 
spring. 

Our study compared the vegetation 
of three clearly recognisable upland, 
high-rainfall site types based on 
geological features (lateritic, doler¬ 
itic and granitic outcrop) within 
the existing John Forrest National 
Park. 

MATERIALS AND METHODS 

Sample sites were subjectively 
located in areas of homogeneous, or 
undisturbed vegetation. Areas 
which offered mosaic habitats (e.g. 
granitic outcrop) were also sampled 
to gauge the vegetation variation. 
Each of the three sites was sampled 
(five times) during the entire year of 
1988, using 10m x 10m quadrats 
(releves) and the cover-abundance 
estimated for the shrub species 
using the Braun-Blanquet cover- 
abundance scale (Mueller-Dombois 
& Ellenberg, 1974). From these data 
the Zurich-Montpellier method of 
ranking vegetation samples was 
used. Tree density and basal area per 
hectare was measured for all stems 
>4cm dbh. 


72 





Fortnightly visits to check 
flowering periods of the species at 
each site was undertaken and the 
species nomenclature follows Green 
(1985) for most vascular plants. 

Litter retained by a one mm sieve 
was gathered (5 samples) from 
within a m 2 quadrat and oven dried 
at 95°C to constant weight. 

Five soil samples, one from each of 
the replicate vegetation plots, from 
the surface 10 cm were collected.and 
oven dried at 95°C. Spectrophoto- 
metric determination was under¬ 
taken on sodium bicarbonate 
extractable potassium and available 
phosphorus (Colwell, 1963), organic 
carbon (by the Walkley-Black 
method, Nelson Sommers, 1982) 
and KCl-extractable ammonium 
nitrogen. The water soluble nitrate 
nitrogen was analysed with a 
nitrate specific ion electrode at 25°C 
and the chloride with a Cl-ion 
electrode. 

Reactive iron was extracted with 
ammonium oxalate-oxalic acid and 
measured by atomic absorption. It 
should be noted that this method 
provides a measure of the amount 
of iron that will react with 
phosphate in the soil but is not an 


indication of the iron available to 
the plant. E.D.T.P.A-extractable Cu, 
Zn and Mn were measured by 
atomic absorption. 

RESULTS 

The Darling Range in the 
Mundaring region has a dry 
Mediterranean climate with an 
average annual rainfall of c 1088 
mm per year. Most of the rain falls 
in the winter during the months 
from May to August (66.2%). 
Winters are mild (mean temper¬ 
atures: maximum 15.7°C, minimum 
8.3°C), and summers are warm to 
hot (mean temperatures: maximum 
29.4°C, minimum 15.8°C). 

The total number of plant species in 
ther sampled plots was 213 of which 
122 were shrubs. Only 12 of the 91 
herbaceous plants were introduced 
species. (Appendix). The laterite area 
possessed the greatest number of 
species. 

Most plants were in flower during 
September and October, particu¬ 
larly the shrubs, while the dry 
summer months showed a rapid fall 
off in flowering (Figure 1). Highest 
species richness was recorded for the 


Table 2. Number of tree stems (4 cm diameter) at dbh and basal area (m 2 ) per hectare. 


Species 

Laterite 

Stems Basal 
area 

Dolerite 

Stems Basal 
area 

Granite 
Stems Basal 
area 

Eucalyptus marginata 

354.0 

17.8 

54.3 

1.0 

57.5 

7.8 

Eucalyptus calophylla 

120.9 

3.8 

12.7 

0.2 

56.0 

1.1 

Eucalyptus wandoo 

30.5 

2.9 

201.7 

15.2 

4.2 

0.2 

Allocasuarina fraseriana 

28.3 

0.6 

0.0 

0.0 

2.0 

0.0 

Banksia grandis 

10.4 

0.4 

0.0 

0.0 

0.0 

0.0 

TOTAL 

524.1 

24.5 

268.7 

16.4 

119.7 

9.1 
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heterogeneous granite areas on and 
around the large outcrops. Much of 
the difference between the laterite, 
dolerite and the granite was due to 
the large number of annuals found 
in the shallow granitic soils during 
September and October (15 com¬ 
pared to four and three). The cover 
of the ground vegetation also 
differed little; the most complete 
cover was found on the dolerite 
(102% cover/abundance) while the 
cover on the laterite and granite 
was approximately equal (87% and 
82% respectively). 

The greatest density difference 
occurred in the tree canopy (Table 
2). The upland lateritic plateau, 
dominated by Jarrah, was by far the 
most dense. While all three 
Eucalypts were also found around 
the granite outcrops they were 
much smaller, thinner specimens. 
On the other hand Wandoo 
dominated the doleritic soils with 
few Jarrah and Marri present. The 
amount of litter found on the 
forest floor did not coincide with 
the tree density but was related to 


Table 3. Soil depth (cm) and dry mass of 
litter (g nr 2 ). 


No. of 
Samples 

Laterite 

Dolerite 

Granite 

Soil 




depth 50 

26.3 

14.3 

14.9 

Litter 10 

177.1 

136.4 

139.8 


the overall density of vegetation as 
there was only marginally more in 
the lateritic zones (Table 3) than the 
other two areas. All the soils were 
shallow but the doleritic and 
granitic lithosols were only about 
half as deep as the more developed 
laterite. 

The three soils all had similar pH 
values, C, Cl, and Zn, contents (Table 
4). While the granitic and lateritic 
soils were identical in C, Cu, and 
N0 3 -N, values on the dolerite for 
these were slightly higher. However, 
the doleritic soil is about three times 
as rich in K, Fe, and Mn. The NH 4 -N, 
and P, content of the laterite was 
slightly less than that of the other 
two areas. Below the lateritic 


Table 4. Soil carbon, pH and nutrient content (ug g 1 ). All samples were from the 
surface except the lower pallid zone which was several metres deep (after Foulds 1993). 



Symbol 

Laterite 

Pallid 

Zone 

Granite 

Dolerite 

pH 


6.1 

5.0 

5.9 

6.3 

Carbon 

(C) 

1.7 

_ 

1.6 

2.4 

Phosphorus 

(P) 

3.4 

1.6 

4.8 

5.4 

Potassium 

(K) 

48.8 

10.8 

87.0 

285.7 

Nitrate-nitrogen 

(NO3-N) 

2.8 

2.0 

2.7 

5.7 

Ammonium-nitrogen 

(NH,-N) 

2.9 

— 

10.0 

7.4 

Iron 

(Fe) 

565.0 

— 

410.0 

1648.0 

Chloride 

(Cl) 

93.0 

156.0 

112.0 

112.0 

Copper 

(Cu) 

0.3 

% 

0.6 

2.8 

Zinc 

(Zn) 

0.7 

_ 

0.6 

0.8 

Manganese 

(Mn) 

9.2 

- 

7.1 

41.0 
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duricrust is a white, pallid zone 
often several metres deep. This 
contains much less P, K and N0 3 -N 
than the surface layer though Cl 
values are greater (Table 4). 

DISCUSSION 

The vegetation sites of the John 
Forrest National Park do not 
conform exactly with any of Havels 
(1975) site-vegetation types of the 
Northern Jarrah Forest (Darling 
Range) in terms of floristic 
composition and structure. How¬ 
ever, they appear to be somewhat 
related to Segment S (orange heavy 
gravels on slopes and plateaus in 
medium high-rainfall zones with 
predominantly dense stand of 
Jarrah; some Marri and a second 
storey of Banksia grandis and 
A llocasuarina fraseriana ) and Seg¬ 


ment P (gravelly sand on mid-slopes 
and strong development of a second 
storey of A. fraseriana and B. grandis) 
less frequently. The dolerite sites are 
unrelated to any of the Havel types 
though it does show soil similarities 
to segment M in being red clay loam. 
The tree layer of segment M is 
predominantly Wandoo but at 
John Forrest there is a reasonably 
developed understorey whereas the 
eastern vegetation site type had no 
second storey. There were no granite 
vegetation sites described by Havel. 

The differentiating species (indi¬ 
cator species), derived from the 
Braun-Blanquet cover-abundance 
data, were A denanthos barbigerus, 
Hakea amplexicaulis and Petrophile 
striata for the laterite area , Hibbertia 
cuneiformis and Hypocalymrna 
robustum for the dolerite region and 
Hakea stenocarpa, Hakea trifurcata 


Table 5. Species richness of selected Western Australian and Eastern Australian 
heathlands, woodlands and open forests. 


Habitat 

Location 

No. 

species 

No. 

families 

No. 

aliens 

No. 

species 500m 2 

Wandoo woodland 

Parkers Range 

56 

25 

0 

53 A 

Banksia woodland 

Pinnaroo Park 

184 

46 

40 

44 B 

Granite outcrop 

Duladgin 

69 

22 

6 

65 A 

Laterite heathland 

Corackerup 
Nature reserve 


— 


62 D 

Laterite heathland 

Leeman 

108 

31 

2 

48 C 

Sand (over laterite) 
heathland 

Eneabba Nature 
Reserve 

— 

— 


92 D 

Jarrah-Marri 
open - forest 

Western 

Australia 




43 D 

Wandoo woodland 

Western 

Australia 

- 

- 

- 

35D 

Open - forest 
and woodland 

Eastern 

Australia 




40D 

A, After Foulds, 1988a; B, After Foulds, 1988b; 
D, After George et aL, 1979 

C, After Foulds and McMillan, 1985; 
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and Verticordia pennigera for the 
granite outcrop. 

The South West Botanical Province 
of Western Australia is noted for its 
floristic richness and high degree of 
endemism (Gardner, 1944; Burbidge, 
1960). Although open-forest 
(mainly Jarrah) and woodland cover 
almost half the Province these are 
relatively species poor (Table 5). The 
greatest number are found on the 
heathlands (George, Hopkins and 
Marchant, 1979). The species- 
richness value (taking the number 
of species 500m 2 as the criterion for 
richness) of Western Australian 
open-forests (43 species) in general 
(Table 6) is identical with that 
found on the laterite at John Forest 
National Park (41 species). The open- 
forest and woodland values are also 
similar in the eastern Australian 
states (George et al„ 1979). The 
Metropolitan woodlands such as a 
Banksia woodland at Pinnaroo 
Valley Memorial Park, Western 
Australia (Foulds 1988a) also has a 
relatively low value (44). By 
comparison the heathland habitats 
growing on laterite have, as 


previously stated, much larger 
values, ranging from 48 to 92. 

The granitic outcrop possessed the 
richest flora (65 species 500m 2 ) in 
the John Forrest National Park 
owing to a large number of winter 
annuals. This was exactly the value 
obtained at a large granitic outcrop 
at Duladgin, Western Australia 
(Foulds unpub. data) despite the 
much lower rainfall of this more 
eastern lithic complex (Southern 
Cross; 279mm per annum). The high 
value at Duladgin is also due to 
more than half the species being 
ephemerals (36). 

The Wandoo dominated woodlands 
east of the Jarrah forest was 
considered to be a depauperate 
version of the Jarrah undergrowth 
and more xerophytic in nature 
(Diels, 1906). However, this would 
appear not to be the case, as an 
Eastern Goldfields Wandoo 
woodland at Parker's Range (with 
an exposed pallid zone) is more 
species rich, 57 species 500m 2 
(Foulds, 1988b), than both Wandoo 
and Jarrah forests and woodlands of 
Western Australia generally, 


Table 6 . Soil nutrient of selected W.A. soils. 


Habitat 

Location 

pH 

C 

P 

% 

K 

no 3 

NH 4 Fe 
ugg-1 

Cl 

Cu 

Zn 

Mn 

Wandoo 

Parker’s 

6.1 

1.3 

0.3 

118.5 

15.5 

10.9 

495 

309 

_ 

_ 

_ 

woodland 

Banksia 

Range 

Pinnaroo 

7.0 

0.9 

3.0 

24.8 

8.2 



20 

0.3 

0.5 

2.1 

woodland 

Granitic 

Park 

Duladgin 

6.3 

0.8 

4.8 

157.0 

8.6 

26.2 

314 

69 




outcrop 

Salmon 

Gum 

Duladgin 
woodland 8.2 

0.7 

2.9 

426.0 

13.8 

19.0 

265 

48 




Jarrah forest 

Mayanup 

6.3 

- 

3.0 

45.5 

2.2 

— 

— 

20 

0.1 

02 

1.9 

Laterite heath Leeman 

6.9 

0.6 

2.0 

48.2 

3.8 

32.2 

140 

38 

0.2 

2.6 

3.3 
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including those at John Forrest 
National Park (Table 5). This is 
despite the much lower annual 
rainfall (Southern Cross, 279mm per 
annum) and paucity of some 
nutrients (Table 6). Therefore the 
distribution of Wandoo (E. wandoo) 
seems to depend upon the fertility 
(particularly the high K content) 
and heavy texture of the soil (Havel, 
1975). 

Unlike Wandoo, Jarrah does not 
grow east of the 500mm isohyet, 
but is replaced by Salmon Gum 
(Eucalyptus salmonophloia ) and 
Gimlet (Eucalyptus salubris). These 
grow on calcareous alkaline soils 
much richer in nutrients such as N 
and K (Table 6). They contain a less 
dense undergrowth of shrubs but 
are equally species rich (43 species 
500 nv 2 , Foulds, 1988b). 


The species richness described above 
is very much smaller than the 587 
species obtained by Armstrong and 
Muir (1994), but the latter data is 
total number in the park, giving no 
indication of number per unit area. 

The relative contribution of major 
families to the flora at John Forrest 
is similar to that of other Western 
Australian habitats (Table 7) such as 
limestone and lateritic heathlands. 
By comparison the Eastern 
Australian heathlands and wood¬ 
lands are rich in Epacridaceae but 
less dominated by Myrtaceae and 
Proteaceae. Lateritic soils of Western 
Australia are particularly rich in 
members of Proteaceae (30%). 

The dominance of this family on 
these infertile soils may be due to 
the presence of proteoid roots 
(Lamont, 1981) which are thought to 


Table 7. Percentage contribution by nine major families to total number of species at 
the sub association level and above as calculated from the 10 x 10 releves using the 
Zurich-Montpellier system of analysis. 



John Forest 
National Park 
W. Australia 

S-E Victorian 
heath and 
woodlandA 

S-E W.A. 
limestone 
heathA 

Leeman. 
W.A. laterite 
heathB 

% Contribution by 

29 

49 

41 

36 

Myrtceae 

17.2 

8.2 

12.2 

13.9 

Leguminoceae 

13.8 

18.3 

14.6 

16.7 

(+ Mimosaceae) 
Epacridaeae 

3.4 

10.2 

2.4 

2.8 

Proteaceae 

31.0 

4.0 

12.2 

27.8 

Cyperaceae 

0.0 

4.0 

7.3 

2.8 

Restionaceae 

3.4 

6.1 

2.4 

8.3 

Euphobiaceae 

0.0 

2.0 

24 

0.0 

Liliaceae 

6.0 

4.0 

4.9 

5.6 

(+Xanthorrhoeaceae) 

Goodeniaceae 

0.0 

2.0 

2.4 

2.8 

Others 

27.5 

41.2 

39.2 

19.4 

A After Bidgewater & Zammit, 1979 

B After Foulds and McMillan, 1985 
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increase the efficiency of ion 
uptake, or at least increase the root 
area in contact with the soil 
solution (Jeffrey, 1967) thus maxi¬ 
mising mineral absorption. 

The success of the Jarrah (and marri) 
on the laterite may be due to a 
modified root system (Dell, Bartle &. 
Tacey, 1983). These consist of sinker 
roots, initiated from major laterals, 
which descend through fissures in 
the caprock entering distinct 
vertical channels that pass through 
the friable bauxitic layer and into 
the pallid zone. As many as 100-200 
of these channels are available to 
each tree (they are absent from 
profiles derived from dolerite) and 
may play a role in the water and salt 
balance of Jarrah forests on lateritic 
(granite derived) profiles. 

The lateritic ironstone gravel soils of 
the Darling Range share nutritional 
problems with the lateritic 
sandplain soils of the drier eastern 
zone. The topsoils are deficient in N 
and P, as well as the trace elements 
Cu, Zn and Mn (Mulcahy, 1981). This 
is the case with the John Forrest 
laterite whereas the Salmon Gum 
woodland found on a typical 
Yilgarn lateritic sandplain is much 
richer in N and particularly K. The 
granitic outcrop is identical with a 


more eastern lithosol at Duladgin, 
both soils being deficient in most 
nutrients except K and N. 

Though not as rich as the Salmon 
Gum woodland the Wandoo 
woodland soils derived from the 
dolerite are richer than the heaths, 
Banksia woodlands and the other 
two soil types tested in the John 
Forrest National Park. This may be 
due to a greater mineral content, 
retention and base exchange 
capacity of the soil. 

There was a strong relationship 
between tissue nutrient concen¬ 
tration and the concentration of 
the nutrient in the soil (Table 4 and 
8, Foulds, 1993). The concentrations 
of N, P, and K in the tissues of the 
dolerite species was significantly 
higher than those of the tissues of 
plants in the laterite soils (Foulds, 
1993). The granite soils and plant 
shoots were both similarly depleted 
in nutrients in concentrations 
similar to those of the laterite 
habitat and significantly less rich 
than the substrate and tissues of the 
dolerite plants. The litter from the 
plants of the respective areas were 
indicative of the concentrations 
found in the shoot tissues (Table 8). 

These John Forrest soils support 
open forest of average tree density 


Table 8. Mean nutrient status of shoots of the plant species a the selected sites. 


Soil type 

Species 

N 

(mg g 1 ) 

P 

K 

Cu 

(ugg 1 ) 

Zn 

Mn 

LATERITE 

7.5 

0.3 

5.5 

4.0 

10.7 

127.7 

Litter 

5.9 

0.2 

0.6 

6.5 

20.9 

86.5 

DOLERITE 

10.5 

0.4 

7.5 

8.8 

18.7 

131.0 

Litter 

5.6 

0.4 

0.6 

9.9 

23.0 

141.5 

GRANITE 

5.9 

0.4 

5.5 

5.6 

14.4 

48.7 

Litter 

6.0 

0.3 

0.6 

5.9 

23.3 

148.0 
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with numerous rock outcrops, 
which although containing rela¬ 
tively few species have despite the 
recreational nature of the area few 
introduced species (12). This com¬ 
pares favourably with other Parks 
used by the public such as Pinnaroo 
(Foulds, 1988a) which contains a far 
higher number (40) and density of 
alien plants. This supports the 
suggestion by Specht (1981) and 
verified from laterite heath studies 
(Foulds &. McMillan, 1985) that the 
invasion by herbs is most marked 
on sandy soils while laterite soils are 
more weed free. 
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APPENDIX 

Species list, flowering period, presence/absence of plants at John Forrest National Park. 
F = fern, + = present, - = absent, * = introduced species. 


FAMILY 

GENUS / SPECIES 

FLOWERING 

TIME 

LATER1TE 

DOLERITE 

GRANITE 

AD1ANTACEAE 

F Cheilanthes austrotenuifolia 

_ 

+ 

4 - 


CYCADACEAE 

M acrozamia riedlei 

Oct-Mar 

+ 

4 - 

4 - 

POACEAE 

* Briza maxima 

Sept 

- 

4 - 

4 - 

* Briza minor 

Sept-Oct 

- 

- 

4 - 

Neurachne alopecurioidea 

Aug-Sept 

4 - 

- 

4 - 

Pentaschistis airoides 

Sept-Oct 

- 

— 

4 - 

Stipa compressa 

Sept-Oct 

- 

- 

4 - 

CYPERACEAE 

Cyperaceae indet. 

D.N.F. 

- 

4 - 

— 

Lepidospcrma angustatum 

Nov-Dec 

4 - 

- 

4 - 

Lepidosperma gracile 

Dec-Jan 

4 - 

- 

— 

Mesomelaena tetragona 

Apr-Sept 

- 

- 

4 - 

Tetraria octandra 

Sept-Nov 

- 

- 

4 - 

RESTIONACEAE 

Loxocarya flexuosa 

Mar 

- 

4 - 

4 - 

DASYPOGONACEAE 

Lomandra endlicheri 

May-Aug 

4 - 

_ 

_ 

Lomandra multiflora 

Jun-Jul 

+ 

- 

- 

XANTHORRHOEACEAE 

Xanthorrhoea preissii 

Sept-Oct 

+ 

4 - 

4 - 

PHORMIACEAE 

Dianella revoluta 

Sept-Oct 

4 - 

4 - 

4 - 

Stypandra imbricata 

Sept-Jan 

4 - 

- 

- 

ANTHERICACEAE 

Arthropodium capillipes 

Jan 

4 - 

— 

— 

Borya nitida 

Sept-Oct 

- 

4 - 

4 - 

Chamaescilla corymbosa 

Aug-Sept 

4 - 

— 

_ 

Thysanotus multiflorus 

Sept-Oct 

4 - 

— 

— 

Trichoryne elatior 

Feb 

- 

- 

4 - 

COLCHICACEAE 

Burchardia umbellata 

Aug-Sept 

4 - 

4 - 

4 - 

HAEMODORACEAE 

A nigozanthos hurnilis 

Oct 

4 - 

— 

_ 

A nigozanthos manglesii 

Sept 

4 - 

- 

— 

Conostylis androstemma 

July-Aug 

- 

4 - 

4 - 

Conostylis carcina 

Sept-Dec 

4 - 

- 

— 

Constylis setigera 

Nov 

- 

- 

4 - 
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FAMILY 

GENUS / SPECIES 

FLOWERING 

TIME 

LATER1TE 

DOLERITE 

GRANITE 

Conostylis setosa 

Sept 

- 

4 - 

4 - 

Conostylis spinuligera 

Sept 

— 

4 - 

4 - 

Conostylis teretifolia 

Jul-Sept 

+ 

4 - 

— 

Haemodorum corymbosum 

Dec 

+ 

4 - 

4 - 

AMARYLLIDACEAE 

Hypoxis leptantha 

Sept 

+ 

— 

— 

DIOSCOREACEAE 

Dioscorea hastifolia 

Apr-Oct 

- 

4 - 

4 - 

IRIDACEAE 

* Freesia refracta 

Sept-Oct 

+ 

- 

4 - 

* Patersonia sericea var. rudis 

Sept-Dec 

+ 

- 

- 

* Romulea rosea 

Aug 

+ 

- 

— 

ORCH1DACEAE 

Caladenia deformis 

July 

+ 

4 - 

4 - 

Caladenia patersonii 
var. longicauda 

Sept 

+ 

4 - 

4 - 

Diuris longifolia 

Jul-Sept 

- 

4 - 

4 - 

Prasophyllum hians 

Sept 

4 - 

- 

- 

Pterostylis barbata 

Aug 

4 - 

4 - 

- 

Pterostylis recurva 

July 

4 - 

- 

- 

Thelymitra antennifera 

Sept 

- 

4 - 

— 

CASUARINACEAE 

A llocasuarina humilis 

Jul-Sept 

4 - 

- 

- 

Allocasuarina fraseriana 

Aug-Sept 

4 - 

- 

4 - 

PROTEACEAE 

Adenanthos barbigerus 

Jan-Dec 

4 - 

- 

- 

Banksia grandis 

Sept-Oct 

4 - 

- 

- 

Conospermum crassinervium 

Oct-Dec 

- 

4 - 

4 - 

Dryandra bipinnatifida 

Oct 

4 - 

- 

- 

Dryandra nivea 

Jun-Oct 

4 - 

4 - 

4 - 

Dryandra sessilis 

Jun-Oct 

4 - 

- 

- 

Grevillea endlicheriana 

July-Dee 

4 - 

4 - 

4 - 

Grevillea flexuosa 

July-Sept 

- 

4 - 

- 

Grevillea glabrata 

Jul 

4 - 

- 

- 

Grevillea pilulifera 

Jul-Sept 

4 - 

- 

- 

Grevillea synapheae 

Jul-Oct 

4 - 

- 

- 

Grevillea wilsonii 

Oct-Dec 

4 - 

- 

4 - 

Hakea amplexicaulis 

Aug-Oct 

4 - 

- 

- 

Hakea cristata 

Sept-Oct 

4 - 

4 - 

4 - 

Hakea cylocarpa 

May-Jun 

4 - 

- 

- 

Hakea erinacea 

July 

4 - 

- 

4 - 

Hakea incrassata 

July-Aug 

% 

- 

4 - 

Hakea laurina 

July-Aug 

4 - 

4 - 

4 - 

Hakea lissocarpha 

Jan-Jul 

4 - 

4 - 

4 - 

Hakea ruscifolia 

Jan 

4 - 

- 

- 

Hakea stenocarpa 

Sept-Nov 

4 - 

- 

4 - 
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LATER1TE 

DOLER1TE 

GRANITE 

Hakea trifurcata 

Jul-Aug 

+ 

- 

4 - 

Isopogon asper 

Sept 

- 

— 

4 - 

Isopogon spaerocephalus 

Mar-Oct 

+ 

4 - 

— 

Persoonia elliptica 

Oct-Jan 

+ 

— 

— 

Persoonia saundersianna 

DNF 

+ 

- 

- 

Petrophile biloba 

Aug 

- 

- 

4 - 

Petrophile striata 

Oct-Dec 

+ 

— 

— 

Synaphca petiolaris 

Aug-Oct 

4 - 

4 - 

— 

Synaphea pinnata 

DNF 

- 

4 - 

— 

Synaphca polymorpha 

Sept 

4 - 

— 

— 

SANTALACEAE 

Leptorneria axillaris 

Nov 

4 - 

4 - 

- 

AMARANTHACEAE 

Ptilotus caespitulosus 

Dec-Mar 

_ 

_ 

4 - 

Ptilotus manglesii 

Oct-Jan 

4 - 

— 

4 - 

RANUNCULACEAE 

Clematis aristata 

Sept-Oct 

- 

— 

4 - 

LAURACEAE 

Cassytha flava 

Dec 

- 

- 

4 - 

Cassytha pubescens 

Dec 

4 - 

— 

4 - 

DROSERACEAE 

Drosera erythrorhiza 

DNF 

4 - 

4 - 

- 

Drosera leucoblasta 

Sept-Oct 

- 

- 

4 - 

Drosera menziesii 

July-Aug 

4 - 

4 - 

4 - 

Drosera pallida 

Sept 

- 

— 

4 - 

P1TTOSPORACEAE 

Billardiera sp. indet. 

Nov 

- 

4 - 

- 

M arianthus pictus 

Feb 

- 

4 - 

- 

MIMOSACEAE 

Acacia lasiocarpa 

July-Sept 

- 

4 - 

- 

Acacia obovata 

June 

4 - 

- 

- 

Acacia pulchella 

July-Sept 

4 - 

- 


Acacia stenoptera 

Jan-Feb 

4 - 

— 

— 

Acacia teretifolis 

May-Jun 

4 - 

— 

- 

Acacia diptera 

July 

4 - 

— 

— 

PAPILIONACEAE 

Bossiaea eriocarpa 

Aug-Oct 

4 - 

4 - 

4 - 

Bossiaea ornata 

Sept-Oct 

4 - 

4 - 

4 - 

Daviesia horrida 

July-Sept 

4 - 

- 

4 - 

Daviesia juncea 

Jun-Aug 

4 - 

- 

— 

Daviesia pectinata 

Jul-Oct 

4 - 

- 

— 

Daviesia polyphylla 

Ju 1-Dec 

4 - 

4 - 

4 - 

Daviesia preissii 

Dec-Feb 

4 - 

- 

— 

Gastrolobium calycinum 

Jul-Nov 

4 - 

- 

4 - 

Gastrolobiurn ovalifolium 

Aug-Sept 

4 - 

4 - 

4 - 
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FLOWERING 

TIME 

LATERITE 

DOLERITE 

GRANITE 

Gomphobium marginatum 

Nov 

+ 

4 - 

4 - 

Gompholobium polymorphum 

Sept-Nov 

+ 

— 

4 - 

Gompholobiurn preissii 

Nov-Dec 

+ 

- 

— 

Gompholobium tomentosum 

Sept-Dec 

+ 

- 

— 

Hardenbergia comptoniana 

Jul-Aug 

+ 

- 

— 

Hovea chorizemifolia 

May-Jun 

+ 

4 - 

- 

Hovea pungens 

Jul-Aug 

- 

4 - 

- 

Hovea trisperma 

Jul-Aug 

+ 

4 - 

• - 

Isotropis cuneifolia 

Sept-Nov 

+ 

- 

— 

Jacksonia alata 

Sept-Nov 

- 

- 

4 - 

Jacksonia restioides 

Dec 

4 - 

- 

- 

Kennedia coccinea 

Aug-Sept 

+ 

- 

- 

Kennedia prostrata 

Sept 

- 

- 

4 - 

Libichea punctata 

Sept-Dec 

4 - 

- 

— 

* Lupinus angustifolius 

Sept-Oct 

- 

4 - 

4 - 

M irbelia spinosa 

Sept 

4 - 

4 - 

4 - 

Oxylobium capitatum 

Aug-Sept 

- 

- 

4 - 

Oxylobium cuneatum 

Sept-Oct 

- 

4 - 

- 

Oxylobium cuneatum 
var dilatatum 

Sept-Oct 

_ 

4 - 

_ 

Phyllota barbata 

Jan-Apr 

- 

- 

4 - 

Pultenaea ericifolia 

Sept-Oct 

4 - 

- 

- 

Sphaerolobium ulmineum 

Sept 

4 - 

- 

— 

OX AL1DACEEAE 

* Oxalis pes-caprae 

Sept-Oct 

- 

4 - 

4 - 

LINACEAE 

* Linum trigynum 

Dec 

- 

4 - 

- 

RUTACEAE 

Boronia cymosa 

July 

- 

- 

4 - 

Boronia ovata 

Sept-Nov 

4 - 

— 

— 

TREMANDRACEAE 

Tetratheca setigera 

Aug-Dec 

4 - 

- 

- 

POLYGALACEAE 

Comesperma confertrum 

Feb-Nov 

4 - 

- 

- 

EUPHORBIACEAE 

Phyllanthus calycinus 

Aug-Sept 

- 

4 - 

4 - 

STACKHOUSIACEAE 

Stackhousia brunonis 

Sept-Nov 

- 

4 - 

4 - 

SAP1NDACEAE 

Diplopeltis huegelii 

Sept 

'» 

4 - 

- 

RHAMNACEAE 

Cryptandra arbutiflora 

Aug 

- 

- 

4 - 

Trymalium ledifolium 

Jun-Sept 

4 - 

4 - 

4 - 

Trymalium floribundum 

Jul-Nov 

- 

4 - 

4 - 
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GENUS / SPECIES 

FLOWERING 

TIME 

LATERITE 

DOLER1TE 

GRANITE 

STERCUL1ACEAE 

Lasiopetalum floribundum 

June-Oct 

4 - 

— 

— 

DILLENIACEA 

Hibbertia cuneiformis 

Sept 

- 

+ 

— 

Hibbertia depressa 

Dec-Mar 

+ 

— 

— 

Hibbertia hypericoides 

J un-Dec 

4 - 

4 - 

4 - 

Hibbertia lasiopus 

Sept-Oct 

+ 

4 - 

— 

Hibbertia montana 

Jul-Nov 

+ 

4 - 

— 

Hibbertia pachyrrhiza 

Nov-Mar 

4 - 

- 

— 

Hibbertia racemosa 

Sept 

- 

— 

4 - 

Hibbertia subvaginata 

Sept 

+ 

4 - 

+ 

VIOLACEAE 

Hybanthus floribundus 

June 

+ 

— 

— 

THYMELAEACEAE 

Pimelea angustifolia 

Sept 

4 - 

_ 

_ 

Pimelea rosea 

Sept 

4 - 

— 

— 

Pimelea spectabilis 

Sept-Nov 

— 

+ 

— 

MYRTACEAE 

B aeckea camphorosmae 

Dec-Mar 

4 - 

- 

4 - 

Beaufortia macrostemon 

Jan 

+ 

— 

— 

Beaufortia purpurea 

Nov-Dec 

4 - 

— 

— 

Calothamus quadrifidus 

Sept-Dec 

— 

4 - 

— 

Calothamus sanguineus 

June 

4 - 

— 

4 - 

Calytrix glutinosa 

Sept 

4 - 

— 

4 - 

Darwinia citriodora 

Jul-Dec 

- 

4 - 

— 

Eucalyptus calophylla 

Jan-Mar 

4 - 

4 - 

4 - 

Eucalyptus marginata 

Jan 

4 - 

4 - 

4 - 

Eucalyptus wandoo 

Oct-Nov 

4 - 

4 - 

4 - 

Hypocalymma angustifolium 

Aug-Oct 

— 

4 - 

— 

Hypocalymma robustum 

Aug-Dec 

4 - 

— 

— 

Melaleuca scabra 

Sept-Oct 

- 

- 

4 - 

Verticordia pennigera 

Dec 

- 

— 

4 - 

Verticordia plumosa 

Dec 

— 

— 

4 - 

APIACEAE 

A ctinotus aff. leucocephalus 

Dec 

4 - 

- 

4 - 

Daucus glochidiatus 

Sept-Oct 

- 

— 

4 - 

Platysace compressa 

Mar-Apr 

4 - 

— 

— 

Platysace juncea 

Dec-Feb 

4 - 

— 

4 - 

Trachymene pilosa 

Sept-Oct 

— 

— 

4 - 

Xanthosia Candida 

Sept 

4 - 

— 

— 


EPACRIDACEAE 
Andersonia lehmanniana 
sub. sp. lehmanniana May-Sept 

A strolorna pallidum May-Sept 

L eucopogon capitellatus Aug 

L eucopogon gracillumis Feb 
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DOLERITE 

GRANITE 

Leucopogan planifolius 

Nov 

+ 

- 

- 

Leucopogon pulchellus 

July 

- 

4 - 

4- 

Styphelia tenuiflora 

Apr 

+ 

4 - 

- 

LOGANIACEAE 

Logonia campanulata 

Dec-Jan 

+ 

- 

- 

PRIMULACEAE 

* A nagallis arvensis van caerulea 

Sept-Oct 

- 

4 - 

4 - 

LAMIACEAE 

Hemigenia sericea 

Sept-Oct 

+ 

- 

4 - 

SCROPHULARIACEAE 

Bellardia trixago 

Oct 

- 

- 

4 - 

RUB1ACEAE 

Opercularia vaginata 

Aug 

+ 

- 

- 

LOBELIACEAE 

Isotoma hypocrateriformis 

Oct 

+ 

- 

- 

GOODENIACEAE 

Dampiera linearis 

Sept-Dec 

+ 

- 

- 

Goodenia caerulea 

Dec 

+ 

- 

- 

Goodenia fasciculata 

Sept-Oct 

- 

- 

4 - 

Scaevola platyphylla 

Sept-Nov 

+ 

- 

- 

Lechenaultia biloba 

Sept-Dec 

+ 

- 

+ 

STYLIDIACEAE 

Stylidium amoenum 

Oct 

+ 

- 

4- 

Stylidium brunonianum 
sub sp. brum'anum 

Sept-Dec 

+ 


_ 

Stylidium bulbiferum 

Dec 

+ 

- 

- 

Stylidium calcaratum 

Sept 

- 

4- 

4- 

Stylidium hispidum 

Sept-Oct 

4 - 

- 

4 - 

Stylidium repens 

Apr 

- 

- 

4 - 

Stylidium schoenoides 

Sept 

4 - 

+ 

— 

ASTERACEAE 

* Arctotheca calendula 

Sept 

4 - 

- 

- 

Brachycome iberidifolia 

Sept 

4 - 

- 

4 - 

* Centaurea calcitrapa 

Sept-Dec 

- 

4 - 

- 

Helichrysum lindlei 

Sept 

- 

+ 

- 

Helipterum cotula 

Sept-Mar 

4- 

4 - 

+ 

Helipterum craspedioides 

Sept 

- 

+ 

- 

* Hypochoeris radicata 

Dec 

4- 

4 - 

- 

Olearia paucidentata 

May-Aug 

4 - 

- 

4 - 

* Ursinia anthemoides 

Sept 

- 

4 - 

4 - 

Waitzia paniculata 

Sept-Oct 

- 

- 

+ 

Waitzia suaveolens 

Jan 

- 

- 

4 - 
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FROM FIELD AND STUDY 

Painted Button-quail on the Swan 
Coastal Plain - The Painted Button- 
quail, Tumix varia is one of the 174 
naturally occurring bird species on 
the Swan Coastal Plain of which 83 
have declined markedly since 
European settlement and the 
subsequent habitat destruction (How 
and Dell, 1993, pp 28-47 In: Urban 
Bush Management. Aust. Inst, of Urban 
Studies). Storr and Johnstone (1988 
Rec. West. Aust. Mus. Suppl. 28, p 30) 
considered it to be now scarce and 
restricted to heavier soils on the 
eastern side of the coastal plain and 
also in Tuart forest on the western 
side. 

Since 1986 we have been examining 
vertebrate fauna on bushland 
remnants of the Swan Coastal Plain 
between Wanneroo and Woodman 
Point and eastwards to the Darling 
Scarp. In total we have examined 28 
remnants and the bird lists for 10 
other localities. On only four 
locations have populations of the 
Painted Button-quail been observed. 

Talbot Road Reserve is located on the 
Ridge Hill Shelf in Swan View and is 
mostly Banksia or Jarrah woodland 
on Bassendean sands with a small area 
of Marri woodland on gravels and 
clays. One Painted Button-quail was 
flushed in Jarrah/ Banksia woodland 
on 29 October 1993. 

Kings Park is located in the central 
part of the coastal plain on Spearwood 
sands and has a variety of habitat 
types. We conducted intensive bird 
censuses here for three years, 1993— 
1995. Painted Button-quails were not 
recorded until March 1995 when we 
obtained a total of six records in two 
different localities.They were present, 
together with their characteristic 


feeding scrapes (see Dell, 1963, West. 
Aust. Nat. 8 p 186), on the northern 
and south-western sides of the Park. 

Bold Park is on the Spearwood and 
Quindalup Dune System on the 
western side of the Swan Coastal Plain 
and has a range of habitats. Painted 
Button-quails have been regularly 
sighted including several breeding 
records. We have the following 
records:- 

• regularly recorded in all survey 
sites throughout the Park since 
1988. They are more frequently 
recorded in dune heath on the 
Quindalupsystemonthesouth- 
western side of the Park than 
other sites but have also been 
recorded in Banksia and Tuart 
woodland. 

• a chick weighing 11 gm was 
recorded in pitfall trap in Tuart 
woodland on 21 January 1988. 

• two chicks weighing 20 gm were 
recorded in pitfall trap in 
Calotharnnus heathland on the 
Quindalup Dune System on 24 
December 1995. A male but no 
other chicks was crouched 
nearby. 

Dianella Bushland is in the central 
part of the coastal plain towards the 
eastern edge of the Spearwood Dune 
System. Painted Button-quails were 
recorded on several occasions in 1992 
in Jarrah/ Banksia woodland. 

The Painted Button-quail appears to 
be a resident breeding species in Bold 
Park. Its status on the other sites in 
unclear. The fact that none were 
recorded in Kings Park in the first 
two, of the three survey years suggests 
that this species may be transient or a 
nomad on some urban bushland 
remnants. Painted Button-quails are 
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still regularly recorded in Jarrah forest listed in Storr and Johnstone (1988). 
and other habitats on the Darling -JOHN DELL and RIC HOW, West- 
Range.TheBoldParkbreedingrecords ern Australian Museum, Francis 
conform with the breeding season Street, Perth W.A. 6000. 
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